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Executive Summary

Natural gas plays a key role in our nation’s clean energy future. The United States has vast reserves
of natural gas that are commercially viable as a result of advances in horizontal drilling and
hydraulic fracturing technologies, which enable greater access to gas in rock formations deep
underground. These advances have spurred a significant increase in the production of both natural
gas and oil across the country.

Responsible development of America’s oil and gas resources offers important economic, energy
security, and environmental benefits. However, as the use of hydraulic fracturing has increased, so
have concerns about its potential human health and environmental impacts, especially for drinking
water. In response to public concern, the US House of Representatives requested that the US
Environmental Protection Agency (EPA) conduct scientific research to examine the relationship
between hydraulic fracturing and drinking water resources (USHR, 2009).

In 2011, the EPA began research under its Plan to Study the Potential Impacts of Hydraulic
Fracturing on Drinking Water Resources. The purpose of the study is to assess the potential impacts
of hydraulic fracturing on drinking water resources, if any, and to identify the driving factors that
may affect the severity and frequency of such impacts. Scientists are focusing primarily on
hydraulic fracturing of shale formations to extract natural gas, with some study of other oil- and
gas-producing formations, including tight sands, and coalbeds. The EPA has designed the scope of
the research around five stages of the hydraulic fracturing water cycle. Each stage of the cycle is
associated with a primary research question:

e Water acquisition: What are the possible impacts of large volume water withdrawals from
ground and surface waters on drinking water resources?

e Chemical mixing: What are the possible impacts of hydraulic fracturing fluid surface spills
on or near well pads on drinking water resources?

o Well injection: What are the possible impacts of the injection and fracturing process on
drinking water resources?

e Flowback and produced water: What are the possible impacts of flowback and produced
water (collectively referred to as “hydraulic fracturing wastewater”) surface spills on or
near well pads on drinking water resources?

e Wastewater treatment and waste disposal: What are the possible impacts of inadequate
treatment of hydraulic fracturing wastewater on drinking water resources?

This report describes 18 research projects underway to answer these research questions and
presents the progress made as of September 2012 for each of the projects. Information presented
as part of this report cannot be used to draw conclusions about potential impacts to drinking water
resources from hydraulic fracturing. The research projects are organized according to five different
types of research activities: analysis of existing data, scenario evaluations, laboratory studies,
toxicity assessments, and case studies.
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Analysis of Existing Data

Data from multiple sources have been obtained for review and analysis. Many of the data come
directly from the oil and gas industry and states with high levels of oil and gas activity. Information
on the chemicals and practices used in hydraulic fracturing has been collected from nine companies
that hydraulically fractured a total of 24,925 wells between September 2009 and October 2010.
Additional data on chemicals and water use for hydraulic fracturing are being pulled from over
12,000 well-specific chemical disclosures in FracFocus, a national hydraulic fracturing chemical
registry operated by the Ground Water Protection Council and the Interstate Oil and Gas Compact
Commission. Well construction and hydraulic fracturing records provided by well operators are
being reviewed for 333 oil and gas wells across the United States; data within these records are
being scrutinized to assess the effectiveness of current well construction practices at containing
gases and liquids before, during, and after hydraulic fracturing.

Data on causes and volumes of spills of hydraulic fracturing fluids and wastewater are being
collected and reviewed from state spill databases in Colorado, New Mexico, and Pennsylvania.
Similar information is being collected from the National Response Center national database of oil
and chemical spills.

In addition, the EPA is reviewing scientific literature relevant to the research questions posed in
this study. A Federal Register notice was published on November 9, 2012, requesting relevant, peer-
reviewed data and published reports, including information on advances in industry practices and
technologies. This body of literature will be synthesized with results from the other research
projects to create a report of results.

Scenario Evaluations

Computer models are being used to identify conditions that may lead to impacts on drinking water
resources from hydraulic fracturing. The EPA has identified hypothetical, but realistic, scenarios
pertaining to the water acquisition, well injection, and wastewater treatment and waste disposal
stages of the water cycle. Potential impacts to drinking water sources from withdrawing large
volumes of water in semi-arid and humid river basins—the Upper Colorado River Basin in the west
and the Susquehanna River Basin in the east—are being compared and assessed.

Additionally, complex computer models are being used to explore the possibility of subsurface gas
and fluid migration from deep shale formations to overlying aquifers in six different scenarios.
These scenarios include poor well construction and hydraulic communication via fractures (natural
and created) and nearby existing wells. As a first step, the subsurface migration simulations will
examine realistic scenarios to assess the conditions necessary for hydraulic communication rather
than the probability of migration occurring,

In a separate research project, concentrations of bromide and radium at public water supply
intakes located downstream from wastewater treatment facilities discharging treated hydraulic
fracturing wastewater are being estimated using surface water transport models.
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Laboratory Studies

Laboratory studies are largely focused on identifying potential impacts of inadequately treating
hydraulic fracturing wastewater and discharging it to rivers. Experiments are being designed to test
how well common wastewater treatment processes remove selected contaminants from hydraulic
fracturing wastewater, including radium and other metals. Other experiments are assessing
whether or not hydraulic fracturing wastewater may contribute to the formation of disinfection
byproducts during common drinking water treatment processes, with particular focus on the
formation of brominated disinfection byproducts, which have significant health concerns at high
exposure levels.

Samples of raw hydraulic fracturing wastewater, treated wastewater, and water from rivers
receiving treated hydraulic fracturing wastewater have been collected for source apportionment
studies. Results from laboratory analyses of these samples are being used to develop a method for
determining if treated hydraulic fracturing wastewater is contributing to high chloride and bromide
levels at downstream public water supplies.

Finally, existing analytical methods for selected chemicals are being tested, modified, and verified
for use in this study and by others, as needed. Methods are being modified in cases where standard
methods do not exist for the low-level detection of chemicals of interest or for use in the complex
matrices associated with hydraulic fracturing wastewater. Analytical methods are currently being
tested and modified for several classes of chemicals, including glycols, acrylamides, ethoxylated
alcohols, disinfection byproducts, radionuclides, and inorganic chemicals.

Toxicity Assessments

The EPA has identified chemicals reportedly used in hydraulic fracturing fluids from 2005 to 2011
and chemicals found in flowback and produced water. Appendix A contains tables with over 1,000
of these chemicals identified. Chemical, physical, and toxicological properties are being compiled
for chemicals with known chemical structures. Existing models are being used to estimate
properties in cases where information is lacking. At this time, the EPA has not made any judgment
about the extent of exposure to these chemicals when used in hydraulic fracturing fluids or found in
hydraulic fracturing wastewater, or their potential impacts on drinking water resources.

Case Studies

Two rounds of sampling at five case study locations in Colorado, North Dakota, Pennsylvania, and
Texas have been completed. In total, water samples have been collected from over 70 domestic
water wells, 15 monitoring wells, and 13 surface water sources, among others. This research will
help to identify the source of any contamination that may have occurred.

The EPA continues to work with industry partners to begin research activities at potential
prospective case study locations, which involve sites where the research will begin before well
construction. This will allow the EPA to collect baseline water quality data in the area. Water quality
will be monitored for any changes throughout drilling, injection of fracturing fluids, flowback, and
production. Samples of flowback and produced water will be used for other parts of the study, such
as assessing the efficacy of wastewater treatment processes at removing contaminants in hydraulic
fracturing wastewater.
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Invigorating the Research Study Through Consultation and Peer Review

The EPA is committed to conducting a study that uses the best available science, independent
sources of information, and a transparent, peer-reviewed process that will ensure the validity and
accuracy of the results. The agency is working in consultation with other federal agencies, state and
interstate regulatory agencies, industry, non-governmental organizations, and others in the private
and public sector. In addition to workshops held in 2011, stakeholders and technical experts are
being engaged through technical roundtables and workshops, with the first set of roundtables held
November 14-16, 2012. These activities will provide the EPA with ongoing access to a broad range
of expertise and data, timely and constructive technical feedback, and updates on changes in
industry practices and technologies relevant to the study. Technical roundtables and workshops
will be followed by webinars for the general public and posting of summaries on the study’s
website. Increased stakeholder engagement will also allow the EPA to educate and inform the
public of the study’s goals, design, and progress.

To ensure scientifically defensible results, each research project is subjected to quality assurance
and peer review activities. Specific quality assurance activities performed by the EPA make sure
that the agency’s environmental data are of sufficient quantity and quality to support the data’s
intended use. Research products, such as papers or reports, will be subjected to both internal and
external peer review before publication, which make certain that the data are used appropriately.
Published results from the research projects will be synthesized in a report of results that will
inform the research questions associated with each stage of the hydraulic fracturing water cycle.
The EPA has designated the report of results as a “Highly Influential Scientific Assessment,” which
will undergo peer review by the EPA’s Science Advisory Board, an independent and external federal
advisory committee that conducts peer reviews of significant EPA research products and activities.
The EPA will seek input from individual members of an ad hoc expert panel convened under the
auspices of the EPA Science Advisory Board. The EPA will consider feedback from the individual
experts in the development of the report of results.

Ultimately, the results of this study are expected to inform the public and provide decision-makers
at all levels with high-quality scientific knowledge that can be used in decision-making processes.

Looking Forward: From This Report to the Next

Broaress Science Individual Draft Asg\'/?s“gf Final
9 Advisory Reports Report of y Report of
Report Board Peer
Board and Papers Results Review Results

Technical Roundtables and Workshops,
Public Webinars
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1. Introduction

0il and natural gas provided more energy in the United States for residential and industrial use
than any other energy source in 2010—37% and 25%, respectively (US EIA, 2011a). Advances in
technology and new applications of existing techniques, as well as supportive domestic energy
policy and economic developments, have recently spurred an increase in oil and gas production
across a wide range of geographic regions and geologic formations in the United States. Hydraulic
fracturing is a technique used to produce economically viable quantities of oil and natural gas,
especially from unconventional reservoirs, such as shale, tight sands, coalbeds, and other
formations. Hydraulic fracturing involves the injection of fluids under pressures great enough to
fracture the oil- and gas-producing formations. The resulting fractures are held open using
“proppants,” such as fine grains of sand or ceramic beads, to allow oil and gas to flow from small
pores within the rock to the production well.

As the use of hydraulic fracturing has increased, so have concerns about its potential impact on
human health and the environment, especially with regard to possible impacts on drinking water
resources.' These concerns have increased as oil and gas exploration and development has spread
from areas with a long history of conventional production to new areas with unconventional
reservoirs, such as the Marcellus Shale, which extends from New York through parts of
Pennsylvania, West Virginia, eastern Ohio, and western Maryland.

In response to public concerns and anticipated growth in the oil and gas industries, the US Congress
urged the US Environmental Protection Agency (EPA) to examine the relationship between
hydraulic fracturing and drinking water resources (USHR, 2009):

The conferees urge the agency to carry out a study on the relationship between hydraulic
fracturing and drinking water, using a credible approach that relies on the best available
science, as well as independent sources of information. The conferees expect the study to be
conducted through a transparent, peer-reviewed process that will ensure the validity and
accuracy of the data. The Agency shall consult with other federal agencies as well as
appropriate state and interstate regulatory agencies in carrying out the study, which should
be prepared in accordance with the agency’s quality assurance principles.

In 2010, the EPA launched the planning of the current study and included multiple opportunities
for the public and the Science Advisory Board® to provide input during the study planning process.”
The EPA'’s Plan to Study the Potential Impacts of Hydraulic Fracturing on Drinking Water Resources

! Common concerns raised by stakeholders include potential impacts to air quality and ecosystems as well as sociologic
effects (e.g., community changes). A more comprehensive list of concerns reported to the EPA during initial stakeholder
meetings can be found in Appendix C of the EPA’s Plan to Study the Potential Impacts of Hydraulic Fracturing on Drinking
Water Resources (EPA/600/R-11/121).

2 The Science Advisory Board is an independent and external federal advisory committee that conducts peer reviews of
scientific matters for the EPA.

* During summer 2010, the EPA engaged stakeholders in a dialogue about the study through facilitated meetings.
Summaries of these meetings are available at http://www.epa.gov/hfstudy/publicoutreach.html.
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(subsequently referred to as the “Study Plan”) was finalized in November 2011 (US EPA, 2011e).
The purpose of the EPA’s current study is to assess the potential impacts of hydraulic fracturing on
drinking water resources,* if any, and to identify the driving factors that may affect the severity and
frequency of such impacts. This study includes research on hydraulic fracturing to extract oil and
gas from shale, tight sand, and coalbeds, focusing primarily on hydraulic fracturing of shale for gas
extraction. It is intended to assess the potential impacts to drinking water resources from hydraulic
fracturing as it is currently practiced and has been practiced in the past, and it is not intended to
evaluate best management practices or new technologies. Emphasis is placed on identifying
possible exposure pathways and hazards, providing results that can then be used to assess the
potential risks to drinking water resources from hydraulic fracturing. Ultimately, results from the
study are intended to inform the public and provide policymakers at all levels with high-quality
scientific knowledge that can be used in decision-making.

The body of this progress report presents the research progress made by the EPA, as of September
2012, regarding the potential impacts of hydraulic fracturing on drinking water resources;
information presented as part of this report cannot be used to draw conclusions about the
proposed research questions. Chapters 3 through 7 provide project-specific updates that include
background information on the research project, a description of the research methods, an update
on the current status and next steps of the work, as well as a summary of the quality assurance (QA)
activities to date;5 these chapters are written for scientific and engineering professionals. All
projects described in this progress report are currently underway, and nearly all are expected to be
completed in the next few years. Results from individual projects will undergo peer review prior to
publication. The EPA intends to synthesize the published results from these research projects in a
report of results, described in more detail in Section 9.3.

1.1. Stakeholder Engagement

The EPA is committed to conducting this study in an open and transparent manner. During the
development of the study, the EPA met with stakeholders from the general public; federal, state,
regional and local agencies; tribes; industry; academia; and non-governmental organizations.
Webinars and meetings with these separate groups were held to discuss the study scope, data gaps,
opportunities for sharing data and conducting joint studies, current policies and practices for
protecting drinking water resources, and the public engagement process.

In addition to webinars and meetings, the EPA held a series of technical workshops in early 2011 on
four subjects integral to hydraulic fracturing and the study: chemical and analytical methods, well
construction and operation, chemical fate and transport, and water resource management.6
Technical experts from the oil and natural gas industry, academia, consulting firms, commercial
laboratories, state and federal agencies, and environmental organizations were chosen to

4 For this study, “drinking water resources” are considered to be any body of water, ground or surface, that could (now or
in the future) serve as a source of drinking water for public or private water supplies.

5 QA activities include implementation of quality assurance project plans (QAPPs), technical systems audits (TSAs), and
audits of data quality (ADQs). These activities are described further in Section 8.1.

6 Proceedings from the four technical workshops are available at http://www.epa.gov/hfstudy/technicalworkshops.html.
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participate in each of the workshops. The workshops gave EPA scientists the opportunity to
interact with technical experts regarding current hydraulic fracturing technology and practices and
to identify and design research related to the potential impacts of hydraulic fracturing on drinking
water resources. Information presented during the workshops is being used to inform ongoing
research.

The EPA has recently announced additional opportunities for stakeholder engagement. The goals of
this enhanced engagement process are to improve public understanding of the study, ensure that
the EPA is current on changes in industry practices and technologies so that the report of results
reflects an up-to-date picture of hydraulic fracturing operations, and obtain timely and constructive
feedback on ongoing research projects.

Stakeholders and technical experts are being engaged through the following activities:

e Technical roundtables with invited experts from diverse stakeholder groups to discuss the
work underway to answer key research questions and identify possible topics for
technical workshops. The roundtables also give the EPA access to a broad and balanced
range of expertise as well as data from outside the agency.

e Technical workshops with experts invited to participate in more in-depth discussions and
share expertise on discrete technical topics relevant to the study.

e Information requests through a Federal Register notice, requesting that the public submit
relevant studies and data—particularly peer-reviewed studies—for the EPA’s
consideration, including information on advances in industry practices and technologies.

e Study updates to a wide range of stakeholders, including the general public, states, tribes,
academia, non-governmental organizations, industry, professional organizations, and
others.

e Periodic briefings with the EPA’s Science Advisory Board to provide updates on the
progress of the study.
These efforts will help:

e Inform the EPA’s interpretation of the research being conducted as part of this study.
o Identify additional data and studies that may inform the report or results.
e Identify future research needs.

Additional information on the ongoing stakeholder engagement process can be found in Appendix B
and online at http://www.epa.gov/hfstudy/. The website includes the presentations made by the
EPA during the technical roundtables held in November 2012 as well as a list of roundtable
participants. Readers are encouraged to check this website for up-to-date information on upcoming
webinars for the general public and proceedings from technical workshops, which are currently
scheduled for spring 2013.

DIM0136004 DIM0136027



Study of the Potential Impacts of Hydraulic Fracturing
on Drinking Water Resources: Progress Report December 2012

2. Overview of the Research Program

The EPA’s Study of the Potential Impacts of Hydraulic Fracturing on Drinking Water Resources is
organized into five topics according to the potential for interaction between hydraulic fracturing
and drinking water resources. These five topics—stages of the hydraulic fracturing water cycle—
are illustrated in Figure 1 and include (1) water acquisition, (2) chemical mixing, (3) well injection,
(4) flowback and produced water, and (5) wastewater treatment and waste disposal.

Disposal

Figure 1. lllustration of the five stages of the hydraulic fracturing water cycle. The cycle includes the acquisition of
water needed for the hydraulic fracturing fluid, onsite mixing of chemicals with the water to create the hydraulic
fracturing fluid, injection of the fluid under high pressures to fracture the oil- or gas-containing formation, recovery of
flowback and produced water (hydraulic fracturing wastewater) after the injection is complete, and treatment and/or
disposal of the wastewater.

Figure 2 lists potential drinking water issues identified for each stage of the hydraulic fracturing
water cycle.
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Water Use in Hydraulic

Fracturing Operations Potential Drinking Water Issues

o Water availability
o Impact of water withdrawal on water quality

Water Acquisition

» Release to surface and ground water

Chemical Mixing (e.g., onsite spills and/or leaks)
* Chemical transportation accidents

o Accidental release to ground or surface water (e.g., well malfunction)
o Fracturing fluid migration into drinking water aquifers
e Formation fluid displacement into aquifers
o Mobilization of subsurface formation materials into aquifers

Well Injection

* Release to surface and ground water
o Leakage from onsite storage into drinking water resources
e Improper pit construction, maintenance, and/or closure

Flowback and
Produced Water

o Surface and/or subsurface discharge into surface and ground water
o Incomplete treatment of wastewater and solid residuals
» \Wastewater transportation accidents

Wastewater Treatment
and Waste Disposal

Figure 2. Potential drinking water issues associated with each stage of the hydraulic fracturing water cycle. The potential issues help to define the fundamental
research questions. Figure reprinted from the Study Plan (US EPA, 2011e).
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As described in the Study Plan, the potential issues led to the development of primary research

questions that are supported by secondary research questions. The secondary research questions
are addressed by the research projects listed in Table 1. Table 1 also provides short titles and
descriptions of the research projects; these titles are used throughout the rest of the report.

Table 1. Titles and descriptions of the research projects conducted as part of the EPA’s Study of the Potential
Impacts of Hydraulic Fracturing on Drinking Water Resources. These titles are used throughout the rest of the report.
Detailed descriptions of each project can be found in Chapters 3 through 7.

Research Project Description

Analysis of Existing Data

Literature Review

Review and assessment of existing papers and reports, focusing on
peer-reviewed literature

Spills Database Analysis

Analysis of selected federal and state databases for information on
spills of hydraulic fracturing fluids and wastewaters

Service Company Analysis

Analysis of information provided by nine hydraulic fracturing service
companies in response to a September 2010 information request on
hydraulic fracturing operations

Well File Review

Analysis of information provided by nine oil and gas operators in
response to an August 2011 information request for 350 well files

FracFocus Analysis

Analysis of data compiled from FracFocus, the national hydraulic
fracturing chemical registry operated by the Ground Water Protection
Council and the Interstate Oil and Gas Compact Commission

Scenario Evaluations

Subsurface Migration Modeling

Numerical modeling of subsurface fluid migration scenarios that
explore the potential for gases and fluids to move from the fractured
zone to drinking water aquifers

Surface Water Modeling

Modeling of concentrations of selected chemicals at public water
supplies downstream from wastewater treatment facilities that
discharge treated hydraulic fracturing wastewater to surface waters

Water Availability Modeling

Assessment and modeling of current and future scenarios exploring
the impact of water usage for hydraulic fracturing on drinking water
availability in the Upper Colorado River Basin and the Susquehanna
River Basin

Laboratory Studies

Source Apportionment Studies

Identification and quantification of the source(s) of high bromide and
chloride concentrations at public water supply intakes downstream
from wastewater treatment plants discharging treated hydraulic
fracturing wastewater to surface waters

Wastewater Treatability
Studies

Assessment of the efficacy of common wastewater treatment
processes on removing selected chemicals found in hydraulic
fracturing wastewater

Br-DBP Precursor Studies

Assessment of the ability of bromide and brominated compounds
present in hydraulic fracturing wastewater to form brominated
disinfection byproducts (Br-DBPs) during drinking water treatment
processes

Analytical Method
Development

Development of analytical methods for selected chemicals found in
hydraulic fracturing fluids or wastewater

Table continued on next page
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Table continued from previous page

Research Project

Description
Toxicity Assessment

Toxicity Assessment

Toxicity assessment of chemicals reportedly used in hydraulic
fracturing fluids or found in hydraulic fracturing wastewater

Case Studies

Retrospective Studies

Investigations of whether reported drinking water impacts may be
associated with or caused by hydraulic fracturing activities

Las Animas and Huerfano
Counties, Colorado

Investigation of potential drinking water impacts from coalbed
methane extraction in the Raton Basin

Dunn County, North
Dakota

Investigation of potential drinking water impacts from a well blowout
during hydraulic fracturing for oil in the Bakken Shale

Bradford County,
Pennsylvania

Investigation of potential drinking water impacts from shale gas
development in the Marcellus Shale

Washington County,
Pennsylvania

Investigation of potential drinking water impacts from shale gas
development in the Marcellus Shale

Wise County, Texas

Investigation of potential drinking water impacts from shale gas
development in the Barnett Shale

Prospective Studies

Investigation of potential impacts of hydraulic fracturing through
collection of samples from a site before, during, and after well pad
construction and hydraulic fracturing

Each project has been designed to inform answers to one or more of the secondary research
questions with multiple projects informing answers to each secondary research question. The
answers to the secondary research questions will then inform answers to the primary research
questions. Figure 3 illustrates the relationship between water cycle stage, primary and secondary
research questions, and research projects.
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Research
Approach

Research
Projects

Primary Secondary
Research Research
Questions Questions

Secondary
Research
Question 1

Research Project 1

Research
Activity 1

Secondary Research Project 2

Research
Question 2

‘ Primary Research

Water Cycle Stage Gusstion

41 Research Project 3

Secondary
Research
Question 3

Research
Activity 2

Research Project 4

5 Activities

5 Stages 5 Questions 16 Questions 21 Projects

Figure 3. lllustration of the structure of the EPA’s Study of the Potential Impacts of Hydraulic Fracturing on Drinking
Water Resources. Results from multiple research projects may be used to inform answers to one secondary research
question. Additionally, one research project may provide information to help answer multiple secondary research
questions. Each research project falls under one type of research activity.

2.1. Research Questions

This section describes the activities that occur during each stage of the water cycle, potential
drinking water issues, and primary research questions, which are listed in Figure 4.7 [t also
introduces the secondary research questions and lists the associated research projects. This section
is intended to offer a broad overview of the EPA’s study and direct the reader to further
information in subsequent chapters of this progress report. Later chapters (Chapters 3 through 7)
contain detailed information about the progress of individual research projects listed in Tables 2
through 6 below.

7 Additional information on the hydraulic fracturing water cycle stages and research questions can be found in the Study
Plan.
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Water Use in Hydraulic
Fracturing Operations

Fundamental Research Question

Water Acquisition

What are the possible impacts of large volume water withdrawals
from ground and surface waters on drinking water resources?

Chemical Mixing

What are the possible impacts of surface spills on or near well pads
of hydraulic fracturing fluids on drinking water resources?

Well Injection

What are the possible impacts of the injection and fracturing
process on drinking water resources?

Flowback and
Produced Water

What are the possible impacts of surface spills on or near well pads
of flowback and produced water on drinking water resources?

Wastewater Treatment
and Waste Disposal

What are the possible impacts of inadequate treatment of
hydraulic fracturing wastewaters on drinking water resources?

Figure 4. Fundamental research questions posed for each stage of the hydraulic fracturing water cycle. Figure reprinted from the Study Plan (US EPA, 2011e).
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2.1.1. Water Acquisition: What are the possible impacts of large volume water
withdrawals from ground and surface waters on drinking water resources?

Hydraulic fracturing fluids are usually water-based, with approximately 90% of the injected fluid
composed of water (GWPC and ALL Consulting, 2009). Estimates of water needs per well have been
reported to range from 65,000 gallons for coalbed methane (CBM) production up to 13 million
gallons for shale gas production, depending on the characteristics of the formation being fractured
and the design of the production well and fracturing operation (GWPC and ALL Consulting, 2009;
Nicotetal, 2011). Five million gallons of water are equivalent to the water used by approximately
50,000 people for one day.8 The source of the water may vary, but is typically ground water, surface
water, or treated wastewater, as illustrated in Figure 5. Industry trends suggest a recent shift to
using treated and recycled produced water (or other treated wastewaters) as base fluids in
hydraulic fracturing operations.

Figure 5. Water acquisition. Water for hydraulic fracturing can be drawn from a variety of sources including surface
water, ground water, treated wastewater generated during previous hydraulic fracturing operations, and other types of
wastewater.

The EPA is working to better characterize the amounts and sources of water currently being used
for hydraulic fracturing operations, including recycled water, and how these withdrawals may
impact local drinking water quality and availability. To that end, secondary research questions have
been developed, as well as the research projects listed in Table 2.

8 This assumes that the average American uses approximately 100 gallons of water per day. See http://www.epa.gov/
watersense/pubs/indoor.html.
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Table 2. Secondary research questions and applicable research projects identified for the water acquisition stage of
the hydraulic fracturing water cycle. The table also identifies the sections of this report that contain detailed
information about the listed research projects.

Secondary Research Questions Applicable Research Projects Section
Literature Review 3.1
) ) ] ] Service Company Analysis 3.3
How much water is used in hydraulic fractgrmg Well File Review 34
operations, and what are the sources of this water? -
FracFocus Analysis 35
Water Availability Modeling 43
How might water withdrawals affect short- and long- Literature Review 3.1
term water availability in an area with hydraulic - ,
fracturing activity? Water Availability Modeling 43
What are the possible impacts of water withdrawals
for hydraulic fracturing operations on local water Literature Review 3.1
quality?

2.1.2. Chemical Mixing: What are the possible impacts of surface spills on or near well
pads of hydraulic fracturing fluids on drinking water resources?

Once onsite, water is mixed with chemicals to create the hydraulic fracturing fluid that is pumped
down the well, as illustrated in Figure 6. The fluid serves two purposes: to create pressure to
propagate fractures and to carry the proppant into the fracture. Chemicals are added to the fluid to
change its properties (e.g., viscosity, pH) in order to optimize the performance of the fluid. Roughly
1% of water-based hydraulic fracturing fluids are composed of various chemicals, which is
equivalent to 50,000 gallons for a shale gas well that uses 5 million gallons of fluid.

Figure 6. Chemical mixing. Water is mixed with chemicals and proppant onsite to create the hydraulic fracturing fluid
immediately before injection.
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Hydraulic fracturing operations require large quantities of supplies, equipment, water, and vehicles.
Onsite storage, mixing, and pumping of hydraulic fracturing fluids may result in accidental releases,
such as spills or leaks.? Released fluids could then flow into nearby surface water bodies or
infiltrate into the soil and near-surface ground water, potentially reaching drinking water
resources. In order to explore the potential impacts of surface releases of hydraulic fracturing fluids
on drinking water resources, the EPA is: (1) compiling information on reported spills; (2)
identifying chemical additives used in hydraulic fracturing fluids and their chemical, physical, and
toxicological properties; and (3) gathering data on the environmental fate and transport of selected
hydraulic fracturing chemical additives. These activities correspond to the secondary research
questions and research projects described in Table 3.

Table 3. Secondary research questions and applicable research projects identified for the chemical mixing stage of
the hydraulic fracturing water cycle. The table also identifies the sections of this report that contain detailed
information about the listed research projects.

Secondary Research Questions Applicable Research Projecis Section
Literature Review 3.1

What is currently_known about_the freqt_;ency,_severity, Spills Database Analysis 392

and causes of spills of hydraulic fracturing fluids and - -

additives? Service Company Analysis 3.3
Well File Review 34

What are the identities and volumes of chemicals ther?ture Review _ 31

used in hydraulic fracturing fluids, and how might this | Service Company Analysis 3.3

composition vary at a given site and across the FracFocus Analysis 35

?

country’ Analytical Method Development 54

What are the chemical, physical, and toxicological Toxicity Assessment 6

properties of hydraulic fracturing chemical additives? y

If spills occur, how might hydraulic fracturing chemical | Literature Review 3.1

additives contaminate drinking water resources? Retrospective Case Studies 7

2.1.3. Well Injection: What are the possible impacts of the injection and fracturing
process on drinking water resources?

The hydraulic fracturing fluid is pumped down the well at pressures great enough to fracture the
oil- or gas-containing rock formation, as shown in Figure 7 for both horizontal and vertical well
completions. Production wells are drilled and completed in order to best and most efficiently drain
the geological reservoir of its hydrocarbon resources. This means that wells may be drilled and
completed vertically (panel b in Figure 7), vertically at the top and then horizontally at the bottom
(panel a), or in other configurations deviating from vertical, known as “deviated wells.”

9 As noted in the Study Plan, transportation-related spills of hydraulic fracturing chemical additives and wastewater are
outside of the scope of the current study.
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Figure 7. Well injection. During injection, hydraulic fracturing fluids are pumped into the well at high pressures, which
are sustained until the fractures are formed. Hydraulic fracturing can be used with both (a) deep, horizontal well
completions and (b) shallower, vertical well completions. Horizontal wells are typically used in formations such as
tight sandstones, carbonate rock, and shales. Vertical wells are typically used in formations for conventional
production and coalbed methane.

Within this stage of the hydraulic fracturing water cycle, the EPA is studying a number of scenarios
that may lead to changes in local drinking water resources, including well construction failure and
induced fractures intersecting existing natural (e.g, faults or fractures) or man-made (e.g,,
abandoned wells) features that may act as conduits for contaminant transport. Table 4 lists the
secondary research questions and research projects that address these concerns.

Table 4. Secondary research questions and applicable research projects identified for the well injection stage of the
hydraulic fracturing water cycle. The table also identifies the sections of this report that contain detailed information
about the listed research projects.

Secondary Research Questions Applicable Research Projects Section
Literature Review 3.1
How effective are current well construction practices | Service Company Analysis 3.3
at containing gases and fluids before, during, and Well File Review 3.4
after fracturing? Subsurface Migration Modeling 4.1
Retrospective Case Studies 7
Literature Review 3.1
Can subsurface migration of fluids or gases to Service Company Analysis 3.3
drinking water resources occur, and what local Well File Review 34
geologic or man-made features might allow this? Subsurface Migration Modeling 4.1
Retrospective Case Studies 7
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2.1.4. Flowback and Produced Water: What are the possible impacts of surface spills on

or near well pads of flowback and produced water on drinking water resources?
When the injection pressure is reduced, the direction of fluid flow reverses, leading to the recovery
of flowback and produced water. For this study, “flowback” is the fluid returned to the surface after
hydraulic fracturing has occurred, but before the well is placed into production, while “produced
water” is the fluid returned to the surface after the well has been placed into production.10 They are
collectively referred to as “hydraulic fracturing wastewater” and may contain chemicals injected as
part of the hydraulic fracturing fluid, substances naturally occurring in the oil- or gas-producing
formation,!t hydrocarbons, and potential reaction and degradation products.

Figure 8. Flowback and produced water. During this stage, the pressure on the hydraulic fracturing fluid is reduced
and the flow is reversed. The flowback and produced water contain hydraulic fracturing fluids, native formation water,
and a variety of naturally occurring substances picked up by the wastewater during the fracturing process. The fluids
are separated from any gas or oil produced with the water and stored in either tanks or an open pit.

As depicted in Figure 8, the wastewater is typically stored onsite in impoundment pits or tanks.
Onsite transfer and storage of hydraulic fracturing wastewater may result in accidental releases,
such as spills or leaks, which may reach nearby drinking water resources. The potential impacts to
drinking water resources from flowback and produced water are similar to the potential impacts
identified in the chemical mixing stage of the hydraulic fracturing water cycle, with the exception of
different fluid compositions for injected fluids and wastewater. Therefore, the secondary research

10 Produced water is a product of all oil and gas wells, including wells that have not been hydraulically fractured.

11 Substances naturally found in hydraulically fractured formations may include brines, trace elements (e.g., mercury,
lead, arsenic), naturally occurring radioactive material (e.g., radium, thorium, uranium), gases (e.g., natural gas, hydrogen
sulfide), and organic material (e.g., organic acids, polycyclic aromatic hydrocarbons, volatile organic compounds).
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questions and associated research projects are similar. The secondary research questions and
applicable research projects are listed in Table 5.

Table 5. Secondary research questions and applicable research projects identified for the flowback and produced
water stage of the hydraulic fracturing water cycle. The table also identifies the sections of this report that contain
detailed information about the listed research projects.

Secondary Research Questions Applicable Research Projects Section
Literature Review 3.1

What is currently known about the frequency, severity, | Spills Database Analysis 3.2

and causes of spills of flowback and produced water? | Service Company Analysis 33
Well File Review 3.4
Literature Review 3.1

What is the composition of hydraylic f_racturing _ Service Company Analysis 33

wastewaters, and what factors might influence this - -

composition? Well File Review 34
Analytical Method Development 54

What are the chemical, physical, and toxicological

properties of hydraulic fracturing wastewater Toxicity Assessment 6

constituents?

If spills occur, how might hydraulic fracturing Literature Review 3.1

wastewater contaminate drinking water resources? Retrospective Case Studies 7

2.1.5. Wastewater Treatment and Waste Disposal: What are the possible impacts of
inadequate treatment of hydraulic fracturing wastewaters on drinking water
resources?

Estimates of the fraction of hydraulic fracturing wastewater recovered vary by geologic formation

and range from 10% to 70% of the injected hydraulic fracturing fluid (GWPC and ALL Consulting,

2009; US EPA, 2011f). For a hydraulic fracturing job that uses 5 million gallons of hydraulic

fracturing fluid, this means that between 500,000 and 3.5 million gallons of fluid will be returned to

the surface. As illustrated in Figure 9, the wastewater is generally managed through disposal into
deep underground injection control (UIC) wells,12 treatment followed by discharge to surface water
bodies,13 or treatment followed by reuse.

12 Underground injection of fluids related to oil and gas production (including flowback and produced water) is
authorized by the Safe Drinking Water Act.

13 Treatment processes involving discharge to surface waters are authorized by the Clean Water Act and the National
Pollutant Discharge Elimination System program.
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Figure 9. Wastewater treatment and waste disposal. Flowback and produced water is frequently disposed of in deep
injection wells, but may also be trucked, orin some cases piped, to a disposal or recycling facility. Once treated, the
wastewater may be reused in subsequent hydraulic fracturing operations or discharged to surface water.

Understanding the treatment, disposal, and reuse of flowback and produced water from hydraulic
fracturing activities is important. For example, contaminants present in these waters may be
inadequately treated at publicly owned treatment works (POTWs), discharges from which may
threaten downstream drinking water intakes, as depicted in Figure 9.1* Table 6 summarizes the
secondary research questions and the applicable research projects for each question.

14 As noted in the Study Plan, this study does not propose to evaluate the potential impacts of underground injection or
the associated potential impacts due to transport and storage leading up to ultimate disposal in a UIC well.
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Table 6. Secondary research questions and applicable research projects identified for the wastewater treatment and
waste disposal stage of the hydraulic fracturing water cycle. The table also identifies the sections of this report that
contain detailed information about the listed research projects.

Secondary Research Questions Applicable Research Projects Section
What are the common treatment and disposal Literature Review 3.1
methods for hydraulic fracturing wastewater, and Well File Review 34
where are these methods practiced? FracFocus Analysis 3.5
How effective are conventional POTWSs and Literature Review 3.1
commercial treatment systems in removing organic
and inorganic contaminants of concern in hydraulic Wastewater Treatability Studies 52
fracturing wastewater?

Literature Review 3.1
What are the potential impacts from surface water Surface Water Modeling 42
disposal of treated hydraulic fracturing wastewater on - - :
drinking water treatment facilities? Source Apportionment Studies 5.1

Br-DBP Precursor Studies 53

2.2. Environmental Justice

Environmental justice is the fair treatment and meaningful involvement of all people regardless of
race, color, national origin, or income, with respect to the development, implementation, and
enforcement of environmental laws, regulations, and policies.5

During the planning process, some stakeholders raised concerns about environmental justice and
hydraulic fracturing, while others stated that hydraulic fracturing-related activities provide
benefits to local communities. In its review of the draft Study Plan, the EPA’s Science Advisory
Board supported the inclusion in the study of an environmental justice analysis as it pertains to the
potential impacts on drinking water resources. The EPA, therefore, attempted to conducta
screening to provide insight into the research questions in Table 7.

Table 7. Research questions addressed by assessing the demographics of locations where hydraulic fracturing
activities are underway.

Fundamental Research Question  Secondary Research Questions

¢ Are large volumes of water being disproportionately
withdrawn from drinking water resources that serve
communities with environmental justice concerns?

Does hydraulic fracturing ¢ Are hydraulically fractured oil and gas wells
disproportionately occur in or near disproportionately located near communities with
communities with environmental environmental justice concerns?

justice concerns? o s wastewater from hydraulic fracturing operations being

disproportionately treated or disposed of (via POTWs or
commercial treatment systems) in or near communities with
environmental justice concerns?

15 The EPA’s definition of environmental justice can be found at
http://www.epa.gov/environmentaljustice/basics/index.html and was informed by E.O. 12898.
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Environmental justice screening uses easily obtained environmental and demographic information
to highlight locations where additional review (i.e., information collection or analysis) may be
warranted (US EPA, 2012c). Screenings do not examine whether co-location of specific activities
and communities with certain demographics (e.g., low-income, non-white minority, young children,
and elderly subpopulations) may lead to any positive or negative impacts on a given community.

Nationwide data on the locations of water withdrawals and wastewater treatment associated with
hydraulic fracturing activities are difficult to obtain. The EPA was not able to identify
comprehensive data sources that identify the locations of water withdrawals associated with
hydraulic fracturing or facilities receiving hydraulic fracturing wastewaters. Geographic data on
hydraulic fracturing-only water use (rather than general oil and gas water use) are limited, and the
available data are aggregated by regions too large for an environmental justice analysis. Data on
commercial and publicly owned treatment works accepting hydraulic fracturing wastewater were
found to be inconsistent between states or difficult to obtain.

Data on the locations of hydraulically fractured oil and gas production wells considered for the
environmental justice screen are available from two sources: data provided to the EPA from nine
hydraulic fracturing service companies (see Section 3.3) and data obtained from FracFocus (Section
3.5). The service company data set includes county-level locations of approximately 25,000 oil and
gas wells hydraulically fractured between September 2009 and October 2010. In total, 590 of the
3,221 counties in the United States contained wells hydraulically fractured by the nine service
companies during the period under analysis. In comparison, the FracFocus data set includes
latitude/longitude and county-level information on the location of roughly 11,000 wells
hydraulically fractured between January 2009 and February 2012. In total, only 251 of the 3,221
counties in the United States contained wells reported to FracFocus during this time period.

The county-level resolution provided by the service company data set is insufficient for
determining whether hydraulic fracturing activities are occurring in communities that possess
characteristics associated with environmental justice populations. Finer resolution is needed since
counties can contain a multitude of communities, townships, and even cities, with diverse
populations. Data obtained from FracFocus provide well locations at finer resolution (i.e., specific
latitude /longitude coordinates), which may provide further opportunity for either state- or
nationwide environmental justice screens.

2.3. Changes to the Research Program

The EPA has significantly modified some of the research projects since the publication of the Study
Plan. These modifications are discussed below.

FracFocus Analysis. In early 2011, the Ground Water Protection Council and the Interstate Oil and
Gas Compact Commission jointly launched a new national registry for chemicals used in hydraulic
fracturing, called FracFocus. This registry is an online repository where oil and gas well operators
can upload information regarding the chemical composition of hydraulic fracturing fluids used in
specific oil and gas production wells. Extracting data from FracFocus allows the EPA to gather
publicly available, nationwide data on the water volumes and chemicals used in hydraulic
fracturing operations, as reported by oil and gas operating companies. These data are being
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analyzed to identify chemicals used in hydraulic fracturing fluids as well as the geographic
distribution of water and chemical use.

Prospective Case Studies. The EPA identified the location of one of the prospective case studies as De
Soto Parish, Louisiana, in the Haynesville Shale. Due to scheduling conflicts, the location in De Soto
Parish is no longer being considered for a prospective case study.

The EPA continues to work with industry partners to identify locations and develop research
activities for prospective case studies. As part of these case studies, the EPA intends to monitor
local water quality for up to a year or more after hydraulic fracturing occurs. It is likely, therefore,
that the prospective case studies will be completed after the report of results. In that event, results
from any prospective case studies will be published in a follow-up report.

Chemical Prioritization. As part of the toxicity assessment research project, the EPA is compiling
chemical, physical, and toxicological properties for chemicals reportedly used in hydraulic
fracturing fluids and/or detected in flowback and produced water. One aspect of the planned
second phase of this work was to include prioritizing a subset of these chemicals for future toxicity
screening using high throughput screening assays. However, consistent with recommendations of
the Science Advisory Board, the agency will not conduct high throughput screening assays at this
time on a subset of these chemicals, but will continue efforts to identify, evaluate, and prioritize
existing toxicity data.

Reactions Between Hydraulic Fracturing Fluids and Shale. Based on research already being
conducted by the US Department of Energy and academic institutions on the interactions between
hydraulic fracturing fluids and various rock formations,16 the EPA has decided to discontinue its
work in this area. The EPA continues to believe in the importance of research to address research
questions associated with this project, but has decided to rely upon work being conducted by
another federal agency.

Therefore, the EPA has removed two research questions associated with this project:

e How might hydraulic fracturing fluids change the fate and transport of substances in the
subsurface through geochemical interactions?

e Whatare the chemical, physical, and toxicological properties of substances in the
subsurface that may be released by hydraulic fracturing operations?

2.4. Research Approach

The research projects listed in Table 1 and discussed in detail in Chapters 3 through 7 of this
progress report require a broad range of scientific expertise in environmental and petroleum
engineering, ground water hydrology, fate and transport modeling, and toxicology, as well as many
other disciplines. Consequently, the EPA is using a transdisciplinary research approach that

16 See, for example, research underway by the US Department of Energy’s National Energy Technology Laboratory
(http://www.netl.doe.gov/publications/factsheets/rd /R%26D166.pdf) and Penn State 3S Laboratory
(http://3s.ems.psu.edu/research.html).
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integrates various types of expertise from inside and outside the agency. The research projects fall

into five categories: analysis of existing data, case studies, scenario modeling and evaluation,
laboratory studies, and toxicology assessments. Table 8 summarizes the five main types of research
activities occurring as part of this study and their objectives. Figure 3 illustrates the relationship
between the research activities and the research projects and questions.

Table 8. Research activities and objectives. Each research project falls under one type of research activity.

Activity Objective

Analysis of existing data

Gather and summarize existing data from various sources to provide
current information on hydraulic fracturing activities; includes information
requested of hydraulic fracturing service companies and oil and gas
operators*

Scenario evaluations

Use computer modeling to assess the potential for hydraulic fracturing to
impact drinking water resources

Laboratory studies

Conduct targeted experiments to test and develop analytical detection
methods and to study the fate and transport of selected chemicals during
wastewater treatment and discharge to surface water

Toxicity assessment

Identify chemicals used in hydraulic fracturing fluids or reported to be in
hydraulic fracturing wastewater and compile available chemical, physical
and toxicological properties

Case studies
Retrospective

Prospective

Study sites with reported contamination to understand the underlying
causes and potential impacts to drinking water resources

Develop understanding of hydraulic fracturing processes and their
potential impacts on drinking water resources

* For more information on the information requests, see http://www.epa.gov/hfstudy/analysis-of-existing-data.html.
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3. Analysis of Existing Data

The objective of this approach is to gather and summarize data from many sources to provide
current information on hydraulic fracturing activities. The EPA is collecting and analyzing data on
chemical spills, surface water discharges, and chemicals found in hydraulic fracturing fluids and
wastewater, among others. These data have been collected from a variety of sources, including state
and federal agencies, industry, and public sources. Included among these sources is information
received after the September 2010 letter requesting data from nine hydraulic fracturing service
companies and the August 2011 letter requesting well files from nine oil and gas well operators.1?
This chapter includes progress reports for the following projects:

3.1. LIteTature REVIEW ......vcieescereereserreers e ss s s st s et s p e snp s 25
Review and assessment of existing papers and reports, focusing on peer-reviewed literature

3.2. SPIIIS Database ANAIYSIS. . ..o iiienierienriniieeseis ittt bbb bbb bbb bbb 31
Analysis of selected federal and state databases for information on spills of hydraulic
fracturing fluids and wastewaters

3.3. Service COMPANY ANALYSIS ...ttt bbb b bbb bbb 39
Analysis of information provided by nine hydraulic fracturing service companies in response to
a September 2010 information request on hydraulic fracturing operations

3.4, WELl FIle REVIEW ..ot s s ss s s e s R 46
Analysis of information provided by nine oil and gas operators in response to an August 2011
information request for 350 well files

3.5. FTaCFOCUS ANALYSIS. ...ciuieiititirieiireiese it ises et ettt bs bt bbb s bbb e 54
Analysis of data compiled from FracFocus, the national hydraulic fracturing chemical registry
operated by the Ground Water Protection Council and the Interstate Oil and Gas Compact
Commission

3.1. Literature Review

3.1.1. Relationship to the Study
The EPA is gathering and assessing literature relevant to all secondary research questions.

3.1.2. Project Introduction

An extensive review of existing literature is an important component of the EPA’s study of the
relationship between hydraulic fracturing and drinking water resources. The objective of this
literature review is to identify and analyze data and literature relevant to all secondary research
questions. This objective will be met by reviewing a wide range of information sources on the five
stages of the hydraulic fracturing water cycle. Sources identified through the literature review are
subject to a quality review to support decisions regarding their inclusion in the EPA’s report of

17 Copies of these information requests are available at http://www.epa.gov/hfstudy/analysis-of-existing-data.html.
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results. Information gathered during the literature review will be synthesized with results from the
other research projects described in this progress report to answer the research questions posed in
the Study Plan and summarized in Chapter 2.

3.1.3. Research Approach

Existing literature and data is being identified through a variety of methods, including conducting a
search of published documents, searching online databases such as OnePetro!8 and Web of
KnowledgesM 19 and reviewing materials provided to the EPA through technical workshops,
comment submissions, and the Science Advisory Board’s review of the draft study plan.2® Once
identified, sources are classified as shown in Table 9.

Table 9. Classifications of information sources with examples. Once identified, existing literature and data sources
are classified according to the following categories.

Source Classification Examples

Journal publications, reports, and white papers developed by federal and
state agencies

Non-peer-reviewed government documents; congressional documents
Non-peer-reviewed and hearing proceedings; workshop proceedings; Ph.D. theses; non-
literature peer-reviewed reports and white papers from industry, associations, and
non-governmental organizations

Online databases, personal communications, unpublished manuscripts,
unpublished government data

Peer-reviewed literature

Unpublished data

Once sources are grouped into the categories shown in Table 9 above, assessment factors are used
to further evaluate their merit. Five assessment factors are being used to evaluate the quality of
existing data and information: soundness, applicability and utility, clarity and completeness,
uncertainty and variability, and evaluation and review (US EPA, 2003a). These factors are described
in more detail in Table 10.

18 OnePetro is an online library of technical literature for the oil and gas exploration and production industry. It can be
accessed at http://www.onepetro.org/.

19 Thomson Reuters Web of KnowledgesM is a research platform that provides access to objective content and powerful
tools to search, track, measure, and collaborate in the sciences, social sciences, arts, and humanities. It can be accessed at
http://wokinfo.com/.

20 A list of literature recommended by the Science Advisory Board can be found on pages 29-34 of the Science Advisory
Board'’s review of the draft Study Plan, available at http://yosemite.epa.gov/sab/sabproduct.nsf/0/
2BC3CD632FCC0E99852578E2006DF890/$File/EPA-SAB-11-012-unsigned.pdf.
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Table 10. Description of factors used to assess the quality of existing data and information compiled during the
literature review. The assessment factors are identified in (US EPA, 2003a).

Factors Description

The extent to which the scientific and technical procedures, measures,
Soundness methods, or models employed to generate the information are reasonable
for, and consistent with, the intended application

Applicability and utility The extent to which the information is relevant for the agency’s intended use
The degree of clarity and completeness with which the data, assumptions,

methods, quality assurance, sponsoring organizations, and analyses
employed to generate the information are documented
The extent to which the variability and uncertainty (Quantitative and

qualitative) in the information or in the procedures, measures, methods or
models are evaluated and characterized

The extent of independent verification, validation, and peer review of the
information or of the procedures, measures, methods, or models

Clarity and
completeness

Uncertainty and
variability

Evaluation and review

Information included in the report of results will be drawn primarily from peer-reviewed
publications. Peer-reviewed publications contain the most reliable information, although some
portions of the report may contain compilations of data from a variety of sources and source
classifications. Non-peer-reviewed and unpublished sources will not form the sole basis of any
conclusions presented in the report of results. Generally, these sources will be used to support
results presented from peer-reviewed work, enhance understanding based on peer-reviewed
sources, identify promising ideas of investigation, and discuss further in-depth work needed.

The criteria in Table 10 are applied to all sources to ensure that the EPA is using high-quality data.
In some cases, these data may not strictly meet the quality guidelines outlined in Table 10, though
they still provide valuable information. Principal investigators on this project are responsible for
deciding whether to include these data and providing all available background information in order
to place these results in the appropriate context.

3.1.4. Status and Preliminary Data

The literature review is currently underway. Water acquisition, chemical mixing, and flowback and
produced water are the only stages of the hydraulic fracturing water cycle for which specific
updates are available at this time.

Water Acquisition. The water acquisition literature review is intended to complement the analysis
of existing data on hydraulic fracturing fluid source water resources from nine service companies
(see Section 3.3) and nine oil and gas operators (Section 3.4), as well as the analysis of existing data
from FracFocus (Section 3.5). Work at this stage is directed at answering three secondary research
questions:

e How much water is used in hydraulic fracturing operations, and what are the sources of
this water?

e How might water withdrawals affect short- and long-term water availability in an area with
hydraulic fracturing activity?
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e Whatare the possible impacts of water withdrawals for hydraulic fracturing operations on
local water quality?

To date, work has focused on the first question regarding the volumes and sources of water
acquired for use in hydraulic fracturing. The literature review focuses on the major basins where
hydraulic fracturing is prevalent in order to present a national perspective on water use.
Hydrocarbon plays that will be highlighted include the Barnett, Eagle Ford, and Haynesville Shales
in the South, the Bakken Shale in the Midwest, and the Marcellus and Utica Shales in the East.

The Barnett, Eagle Ford, and Haynesville Shales have undergone the most thorough analysis as
reflected by the availability of peer-reviewed literature pertaining to the Texas oil and gas basins
and to the water resources in the southern United States. The Bakken Shale has also been
investigated extensively, although very little peer-reviewed literature was available for analysis as
of July 2012. Instead, information on volumes and sources of water in the Bakken Shale comes
largely from news articles. Water acquisition in the Marcellus and Utica Shales has not yet been
analyzed, but water withdrawal data is expected to be available.

Chemical Mixing and Flowback and Produced Water. Existing scientific literature is being reviewed
to identify how chemicals used in hydraulic fracturing fluids or present in hydraulic fracturing
wastewaters may contaminate drinking water resources as a result of surface spills of these fluids.
Relevant information from the literature review will help address the research questions listed
below:

e I[fspills occur, how might hydraulic fracturing chemical additives contaminate drinking
water resources?

e I[fspills occur, how might hydraulic fracturing wastewaters contaminate drinking water
resources?

The EPA has identified chemicals for further review based on publicly available information on
hazard and frequency of use. Tables 11 and 12 identify a subset of chemicals used in hydraulic
fracturing fluids as reported to the US House of Representatives’ Committee on Energy and
Commerce by 14 hydraulic fracturing service companies as being used in hydraulic fracturing fluids
between 2005 and 2009 (USHR, 2011). Table 11 lists chemicals that are known or suspected
carcinogens, regulated by the Safe Drinking Water Act (SDWA), or listed as Clean Air Act hazardous
air pollutants. The Committee included the hazardous air pollutant designation for listed chemicals
because some may impact drinking water (e.g., methanol and ethylene glycol). Table 12 lists the
chemical components appearing most often in over 2,500 hydraulic fracturing products used
between 2005 and 2009, according to the information reported to the Committee.
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Table 11. Chemicals identified by the US House of Representatives Committee on Energy and Commerce as known
or suspected carcinogens, regulated under the Safe Drinking Water Act (SDWA) or classified as hazardous air
pollutants (HAP) under the Clean Air Act. The number of products containing each chemical is also listed. These
chemicals were reported by 14 hydraulic fracturing service companies to be in a total of 652 different products used

between 2005 and 2009. Reproduced from USHR (2011).

Chemicals Category No. of Products
Methanol HAP 342
Ethylene glycol HAP 119
Naphthalene Carcinogen, HAP 44
Xylene SDWA, HAP 44
Hydrochloric acid HAP 42
Toluene SDWA, HAP 29
Ethylbenzene SDWA, HAP 28
Diethanolamine HAP 14
Formaldehyde Carcinogen, HAP 12
Thiourea Carcinogen 9
Benzyl chloride Carcinogen, HAP 8
Cumene HAP 6
Nitrilotriacetic acid Carcinogen 6
Dimethyl formamide HAP 5
Phenol HAP 5
Benzene Carcinogen, SDWA, HAP 3
Di (2-ethylhexyl) phthalate Carcinogen, SDWA, HAP 3
Acrylamide Carcinogen, SDWA, HAP 2
Hydrofluoric acid HAP 2
Phthalic anhydride HAP 2
Acetaldehyde Carcinogen, HAP 1
Acetophenone HAP 1
Copper SDWA 1
Ethylene oxide Carcinogen, HAP 1
Lead Carcinogen, SDWA, HAP 1
Propylene oxide Carcinogen, HAP 1
p-Xylene HAP 1

Table 12. Chemical appearing most often in hydraulic fracturing in over 2,500 products reported by 14 hydraulic
fracturing service companies as being used between 2005 and 2009. Reproduced from USHR (2011).

Chemical No. of Froducts

Methanol 342
Isopropanol 274
Crystalline silica 207
2-Butoxyethanol 126
Ethylene glycol 119
Hydrotreated light petroleum distillates 89

Sodium hydroxide 80
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Existing scientific literature is also being reviewed for the chemicals identified as part of the
analytical method development research project (see Table 45 in Section 5.4). This table includes
chemicals associated with injected hydraulic fracturing fluids and wastewater.

Literature searches have found papers describing impacts from spills of produced water (Healy et
al,, 2011; Healy et al., 2008), although the emphasis is often on ecosystem impacts rather than
drinking water impacts. Produced water has the greatest number of literature publications for
reported spills compared to hydraulic fracturing fluids and flowback, because produced water must
be managed in both conventional and unconventional oil and gas production. Papers describing
impacts from spills of produced water from conventional oil and gas production wells are being
considered as part of the literature review because the chemical composition of flowback and
produced water from hydraulically fractured formations is similar to that of conventional
reservoirs (Hayes, 2009). Publications about impoundment leaks or other types of surface
impoundment failures are also included within the scope of the flowback and produced water
literature review.

Because some of the chemicals commonly used in hydraulic fracturing fluid are ubiquitous, a very
large numbers of papers have been found. To narrow the scope, recent review papers on
environmental impacts and other published summaries on transport of chemicals or classes of
chemicals are being sought. Information on the chemicals listed in Tables 11, 12, and 45 has been
collected primarily by searching peer-reviewed literature using keyword searches of major
databases, including Web of KnowledgesM, Proquest,2! and OnePetro. Review papers describing
impacts from spills of hydraulic fracturing fluids containing benzene, toluene, ethylbenzene, and
xylenes (Farhadian et al,, 2008; Seagren and Becker, 2002; Seo et al.,, 2009); ethylene glycol
(Staples etal.,, 2001); phenol (Van Schie and Young L.Y., 2000); surfactants (Scott and Jones, 2000;
Sharma etal., 2009; Soares A. et al., 2008; Van Ginkel, 1996); and napthalenes (Haritash and
Kaushik, 2009; Rogers et al.,, 2002) have been identified. Other sources of information include the
Government Accountability Office report on federal research on produced water (US GAO, 2012);
toxicological profiles from the Agency for Toxic Substances and Disease Registry, which often
contain brief summaries of information on transport and transformation;22 EPA software systems
(US EPA, 2012b); and chemical reference handbooks (Howard, 1989; Howard et al., 1991;
Montgomery, 2000). Specific discussion of abiotic transformations is included in some of these
references, including the Agency for Toxic Substances and Disease Registry Toxicological Profiles,
environmental organic chemistry references (Schwarzenbach etal., 2002), and review papers
(Stangroom etal., 2010).

Chemical and physical properties of most of the organic chemicals listed in Tables 11 and 12 have
been summarized, and the analysis is nearly complete. As more chemicals of interest are identified
throughout the study, the number of chemicals may expand. Fewer publications exist for less

21 ProQuest can be accessed at http://www.proquest.com.
2z See, for example, pages 258-259 of ATSDR (2007).
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common chemicals, however, and obtaining enough data to characterize these chemicals’ potential
to affect drinking water resources may not be feasible.

3.1.5. Next Steps

Next steps include completing the literature review for questions pertaining to sources, volumes,
and impacts of large volume water withdrawals on local water quality and water availability.
Further review of the water acquisition and quantity literature will specifically address the volumes
and sources of water used in the Marcellus and Utica Shales. The literature review on chemical
mixing and flowback and produced water for information that may answer the secondary research
questions for those water stages will be completed. The EPA will also review relevant literature on
all the remaining secondary research questions.

3.1.6. Quality Assurance Summary

The quality assurance project plan (QAPP) for the literature review, “Data and Literature
Evaluation for the EPA’s Study of the Potential Impacts of Hydraulic Fracturing (HF) on Drinking
Water Resources (Version 0),” was approved on September 4, 2012 (US EPA, 2012f). Links to the all
of the QAPPs are provided in Appendix C.

3.2. Spills Database Analysis

3.2.1. Relationship to the Study

The primary research questions for the chemical mixing and flowback and produced water stages
of the hydraulic fracturing water cycle focus on the potential for hydraulic fracturing fluids and
wastewaters to be spilled on the surface, possibly impacting nearby drinking water resources. This
project searches various data sources in order to answer the research questions listed in Table 13.

Table 13. Secondary research questions addressed by reviewing existing databases that contain data relating to
surface spills of hydraulic fracturing fluids and wastewater.

Water Cycle Stage Applicable Research Questions

What is currently known about the frequency, severity, and causes of
spills of hydraulic fracturing fluids and additives?

What is currently known about the frequency, severity, and causes of
spills of flowback and produced water?

Chemical mixing

Flowback and produced water

3.2.2. Project Introduction

Hydraulic fracturing operations require large quantities of chemical additives, equipment, water,
and vehicles, which may create risks of accidental releases, such as spills or leaks. Surface spills or
releases can occur as a result of events such as tank ruptures, equipment or surface impoundment
failures, overfills, vandalism, accidents, ground fires, or improper operations. Released fluids might
flow into nearby surface water bodies or infiltrate into the soil and near-surface ground water,
potentially reaching drinking water aquifers (NYSDEC, 2011).

Over the past few years, there have been numerous media reports of spills of hydraulic fracturing
fluids and wastewater (US EPA, 2011e). While the media reports have highlighted specific surface
spills of hydraulic fracturing fluids and wastewaters, the frequency and typical causes of these spills
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remain unclear. Additionally, these reports may tend to highlight severe spills and may not
accurately reflect the distribution, number, and severity of spills across the country. The EPA is
compiling information on surface spills of hydraulic fracturing fluids and wastewaters as reported
in federal and state databases to assess the frequency, severity, and causes of spills associated with
hydraulic fracturing. Hydraulic fracturing fluid and wastewater spill information was also collected
from nine hydraulic fracturing service companies and nine oil and gas operators, as discussed in
Sections 3.3 and 3.4, respectively. Together, these data are being used to describe spills of hydraulic
fracturing fluids and wastewater and to identify factors that may lead to potential impacts on
drinking water resources.

3.2.3. Research Approach

There is currently no national repository or database that contains spill data focusing primarily on
hydraulic fracturing operations. In the United States, spills relating to oil and gas operations are
reported to the National Response Center (NRC) and various state regulatory entities. For example,
in Colorado, spills are reported to the Oil and Gas Conservation Commission, within the Department
of Natural Resources, while in Texas, oil and gas related spills are reported to the Texas Railroad
Commission and the Texas Commission on Environmental Quality, depending on which agency has
jurisdiction. The EPA has identified one federal database and databases in five states for review, as
listed in Table 14. The NRC database was selected because it is the only nationwide source of
information on releases of hazardous substances and oil. Spill databases from Colorado, New
Mexico, Pennsylvania, Texas, and Wyoming were chosen for further consideration due to the large
number of hydraulically fractured oil and gas wells found in those states.?3

Table 14. Oil and gas-related spill databases used to compile information on hydraulic fracturing-related incidents.

Source Website

NatlonaI_Response Center Freedom of http://www.nrc.uscg.mil/foia.html
Information Act data
Colorado Oil and Gas Information System http://www.cogcc.state.co.us
https://wwwapps.emnrd.state.nm.us/ocd/ocdpermitting/
Data/Incidents/Spills.aspx
http://www.emnrd.state.nm.us/ocd/Statistics.htmi

New Mexico Energy, Minerals and Natural
Resources Department

Pennsylvania Department of http://www.depreportingservices.state.pa.us/
Environmental Protection Compliance ReportServer/Pages/ReportViewer.aspx?/Oil_Gas/
Reporting Database OG_Compliance

Texas Railroad Commission and Texas Consolidated Compliance and Enforcement Data System
Commission on Environmental Quality (not publicly available online)

Wyoming Department of Environmental

Quality Water Quality Enforcement Actions http://deq.state.wy.us/out/\WQenforcementactions.htm

Each of the publicly available databases identified in Table 14 has been searched for spill incidents
related to hydraulic fracturing operations. The search timeframe is limited to incidents between
January 1, 2006, and April 30, 2012, in order to encompass the increase in hydraulic fracturing

23 Based on data provided by nine hydraulic fracturing service companies of oil and gas wells fractured between 2009 and
2010. See Figure 10 in Section 3.3.
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activity seen during that period. To the extent that data are publicly available, electronically
accessible, and readily searchable for spill-related data, the following information is being compiled
about specific hydraulic fracturing-related spill incidents:

e Data source

e Location

e Chemicals/products spilled

e Estimated/reported volume of spill

e Cause of spill

e Reported impact to nearby water resources

e Proximity of the spill to the well or well pad
The information obtained from the NRC and state databases is being reviewed with information
received in response to the EPA’s September 2010 information request to nine hydraulic fracturing
service companies (see Section 3.3) and the EPA’s August 2011 information request to nine oil and
gas operators (Section 3.4). The resulting list of unique spill incidents is being queried to identify
common causes of hydraulic fracturing-related spills, chemicals spilled, the ranges of volumes
spilled, and the potential impacts of these spills to drinking water sources. Because the main focus

of this study is to identify hydraulic fracturing-related spills on the well pad that may impact
drinking water resources, the following topics are not included in the scope of this project:

e Transportation-related spills (except when tanker trucks act as mobile portable storage
containers for chemicals, products, and hydraulic fracturing wastewater used on drilling
sites)

e Drilling mud spills

e Airreleases

e Spills associated with disposal through underground injection control wells

e Erosion and sediment control issues

e Spill drills and exercise events (per NRC data)

e Well construction and permitting violations

e Leaks from pipes transporting flowback and produced water from one site to another for

reuse

3.2.4. Status and Preliminary Data

The EPA has initiated work on all publicly available databases listed in Table 14. This section
summarizes the type of information available in each database and lists the criteria being used to
search each database.

National Response Center Freedom of Information Act Data. This database contains nationwide data
on releases of hazardous substances and oil that trigger the federal notification requirements under
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several laws. The NRC is the sole federal point of contact for reporting of all hazardous substances
releases and oil spills. Its information comes from people who arrive on the scene or discover a
spell, then call the NRC hotline or submit a Web-based report form. The information collected by
the NRC during the initial notification call may include the suspected responsible party; the incident
location by county, state, and nearest city; the released material and volume or quantity released;
and a description of the incident, incident causes, affected media, initial known damages, and
remedial actions taken. This information is often based on the estimates made by persons
responding to a spill and may be incomplete. More accurate information may be available once a
response is complete, but this database is not updated with such information.

The data fields that can be used to query the NRC database are listed in Table 15. Many of these
fields only allow searches from a fixed (i.e., drop-down) list, although several of the data fields are
open to any input. None of the search terms in the fixed lists are specific to hydraulic fracturing or
oil and gas exploration and production.

Table 15. Data fields available in the NRC Freedom of Information Act database. "Fixed list data fields” contain a
fixed list of search terms form which the user can choose. “Open data fields” can receive any input from the user.

Fixed List Data Fields Open Data Fields

Type of call NRC report number

Incident date range Nearest city

State Suspected responsible company
County Material name

Incident type

Incident cause

Medium affected

Given the query restrictions, broad searches are being conducted using the listed responsible
company, material name, and incident date range fields (i.e., leaving other fields blank).

The resulting spills are being examined to determine their relevance to this study. Since the
database includes only initial incident reports, information is frequently missing or estimated, such
as total volume spilled. Also, misspellings in the reports or the use of different vocabulary can cause
the search engine to miss relevant incidents.

Colorado. The Colorado Oil and Gas Conservation Commission gathers data regarding pits,
spills/releases, and complaints relating to oil and gas exploration and production. Oil and gas
operators are required to report spills and releases that occur as a result of oil and gas operations,
in accordance with Colorado Oil and Gas Conservation Commission Rule 906 (COGCC, 2011).
Reported information is entered into the Colorado Oil and Gas Information System
Inspection/Incident Database. Each report documents the type of facility, volume spilled and/or
recovered, ground water impacts, depth to shallowest ground water, surface water impacts,
distance to nearest surface water, cause of spill, and a detailed description of the incident. The
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database is searchable by API number,24 complainant, operator, facility/lease, location, remediation
project number, and document number. Since there is no searchable data field in the database to
indicate whether the spill is related to hydraulic fracturing, the database was queried for all
spill/release reports. Only reports dated from January 1, 2006, to April 30, 2012, were selected for
further review. This search returned over 2,500 reports that are currently being evaluated to
identify incidents related to hydraulic fracturing activities.

New Mexico. The Oil Conservation Division of the State of New Mexico Energy, Minerals and Natural
Resources Department tracks information, in two separate databases, on both spill incidents and
incidents where liquids in pits have contaminated ground water. Release Notification and
Corrective Action forms are submitted to the Oil Conservation Divisions District offices. Spills can
be reported by industry representatives or state agency personnel.

The spills database is searchable by facility and well names, incident type, operator, location, lease
type, spilled material, spill cause, spill source, and the spill referrer (person who reported the
incident). The database was initially searched using the spill material, spill cause, and spill source
data fields. Each of these fields can only be searched using the preset search terms listed in Table
16. The initial search was conducted using the search terms in bold in Table 16. The EPA is
currently examining the resulting list of spills to determine their relevancy to this study and is
considering running additional queries to collect more information.

24 The API (American Petroleum Institute) number is a unique, permanent, numeric identifier assigned to each well
drilled for oil and gas in the United States.
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Table 16. Preset search terms available for the spill material, spill cause, and spill source data fields in the New
Mexico Oil Conservation Division Spills Database. Terms in bold have been searched.

Spill Material Spill Cause Spill Source
All All All
Acid Blowout Coupling
Brine water Corrosion Gas compression station
B.S. & W (basic sediment & water) | Equipment failure Dump line
Chemical (specify) Fire Motor
Condensate Freeze Flowline—injection
Diesel Human error Flowline—production
Drilling mud/fluid Lightning Frac tank
Glycol Other Fitting
Gasoline Normal operations Injection header
Gelled brine (frac fluid) Vandalism Other (specify)
Hydrogen sulfate Vehicular accident | Pit (specify)
Crude oil Pipeline (any)
Motor oil Production tank
Natural gas (methane) Pump
Natural gas liquids Separator
Lube oil Transport
Other (specify) Unknown
Produced water Valve
Unknown Well

Water tank

The database containing information regarding contamination of ground water due to pits tracks
only the current company, facility name, tracking number, county, location, and status of the
contamination incidents. Details regarding the contamination incident and the relation of the event
to hydraulic fracturing are not included. Additional research is needed to determine if the pit
information is related to hydraulic fracturing,

Pennsylvania. The Pennsylvania Department of Environmental Protection’s Compliance Reporting
Database provides information on oil and gas inspections, violations, enforcement actions, and
penalties assessed and collected. Users can search the database according to the following fixed-
variable data fields: county, municipality, date inspected, operator, Marcellus only,25 inspections
with violations only, and resolved violations only.

Table 17 displays the total number of incidents retrieved for four different queries, all using a date
range of January 1, 2006, to April 30, 201 2.

25 This data field was recently changed to “unconventional only” (last accessed July 6,2012).
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Table 17. Total number of incidents retrieved from the Pennsylvania Department of Environmental Protection's
Compliance Reporting Database by varying inputs in the “Marcellus only” and inspections with “violations only data
fields.” In all cases, “no” was entered in the “resolved violations only” field.

MarcellusOnly  GilCU T only Incidents Retrieved
Yes No 25,687
Yes Yes 4319
No Yes 18,700
No No Unknown*

* Error message received when formatting results of this query.

The queries shown in Table 17 returned information collected during inspections that found
violations and/or when spills are reported. An incident or inspection may have multiple violations,
leading to a large total number of violations retrieved from the database. The EPA’s initial effort
focused on the query that returned the fewest violations, which totaled 4,319 inspections with
violations specific to the Marcellus Shale region. Inspection and violation comment fields for each
incident are being reviewed to identify incidents related to hydraulic fracturing activities.

Texas. Representatives of the Railroad Commission of Texas, the Texas Commission on
Environmental Quality, and the Texas General Land Office have confirmed that there is no central
database in Texas on hydraulic fracturing-related spills. In Texas, a memorandum of understanding
between the Railroad Commission and Commission on Environmental Quality identifies the
jurisdiction of these agencies over waste materials resulting from exploring, developing, producing,
and refining oil and gas. Pursuant to this understanding, oil and gas operators are required to
report spills to the Railroad Commission, which maintains a publicly available database of spills of
petroleum, oil, and condensate. The EPA has reviewed this database and determined that it does
not include chemical spills; most of the spills reported in the database are crude oil spills.
Therefore, there will be no further analysis of this database.

The Commission on Environmental Quality is Texas’ lead agency in responding to spills of all
hazardous substances that may cause pollution or lower air quality pursuant to the Texas
Hazardous Substances Spill Prevention and Control Act (Texas Water Code §26.261). The
Commission on Environmental Quality may generate an investigation, inspection, or complaint
report in response to emergency spill notifications. These reports are submitted to the state’s
Consolidated Compliance and Enforcement Data System. However, the investigation and inspection
reports in this database are not available electronically on the Texas Commission on Environmental
Quality’s website or at their Central Files Room.

Other attempts were made to obtain information on potential ground water contamination
incidents related to hydraulic fracturing by examining the Joint Groundwater Monitoring and
Contamination Reports prepared by the Texas Groundwater Protection Committee; this effort was
unsuccessful in getting the relevant incident details. The abovementioned searches for hydraulic
fracturing spill-related data may not be an exhaustive investigation of all available information
from Texas’ state agencies or organizations, but other publicly available sources of information
have not been located at this time.
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Wyoming. The Wyoming Department of Environmental Quality maintains a publicly available
database of water quality enforcement actions. This database includes reports of water quality
violations categorized by the year they occurred, from 2006 to 2012. None of the reports
differentiate between hydraulic fracturing-related incidents and those due to other stages of oil and
gas development. Many of the oil and gas-related violations were for CBM produced water
discharges, such as to surface water. Due to the lack of information to differentiate between
hydraulic fracturing-related incidents and other oil and gas-related incidents, there will be no
further analysis of this dataset.

The spills database analysis has several important limitations:

e Potential underreporting. This affects the EPA’s ability to assess the number or frequency
of hydraulic fracturing-related spill incidents, since it is likely that some spills are not
reported to the NRC or state agencies.

e Variation in reporting requirements for different sources. This makes it difficult to
categorize reported spills as hydraulic fracturing-related and to comprehensively identify
the causes, chemical identity, and volumes of hydraulic fracturing-related spills.

e The lack of electronic accessibility of some state-reported data on oil and gas-related spills
and emergency responses. This also significantly impacts the comprehensiveness of the
available information.

3.2.5. Next Steps

As noted, the EPA is reviewing the list of spill incidents generated by searching the NRC, Colorado,
New Mexico, and Pennsylvania databases to identify incidents related to hydraulic fracturing
activities. Spill incidents identified through this review will be combined with data received from
nine hydraulic fracturing service companies (see Section 3.3) and nine oil and gas operators
(Section 3.4) to create a master database of hydraulic fracturing-related spills from these sources.
The compiled information will be examined to identify, where possible, common causes of
hydraulic fracturing-related spills, chemicals spilled, and ranges of volumes spilled. Specific steps
will then include:

e (reating a reference table of information gathered from all incidences determined to be
related to hydraulic fracturing,

e Reviewing this reference table for trends in the causes and volumes of hydraulic
fracturing-related spills.

3.2.6. Quality Assurance Summary

The QAPP for the analysis of publicly available information on surface spills related to hydraulic
fracturing, “Hydraulic Fracturing (HF) Surface Spills Data Analysis (Version 1),” was approved on
August 6,2012 (US EPA, 20121). The project underwent a technical systems audit (TSA) by the
designated EPA QA Manager on August 27, 2012. The methods and products being developed under
the project adhered to the approved QAPP, and no corrective actions were identified.
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3.3. Service Company Analysis

3.3.1. Relationship to the Study

The EPA asked nine hydraulic fracturing service companies for information about hydraulic
fracturing operations conducted from 2005 to 2010. The data are being analyzed for information
that can be used to inform answers to the research questions in Table 18.

Table 18. Secondary research questions addressed by analyzing data received from nine hydraulic fracturing service

companies.

Water Cycle Stage Applicable Research Questions

Water acquisition

How much water is used in hydraulic fracturing operations, and what are
the sources of this water?

Chemical mixing

What is currently known about the frequency, severity, and causes of
spills of hydraulic fracturing fluids and additives?

What are the identities and volumes of chemicals used in hydraulic
fracturing fluids, and how might this composition vary at a given site and
across the country?

Well injection

How effective are current well construction practices at containing gases
and fluids before, during, and after fracturing?

Can subsurface migration of fluids or gases to drinking water resources
occur and what local geologic or man-made features may allow this?
How might hydraulic fracturing fluids change the fate and transport of
substances in the subsurface through geochemical interactions?

Flowback and
produced water

What is currently known about the frequency, severity, and causes of
spills of flowback and produced water?

What is the composition of hydraulic fracturing wastewaters, and what
factors might influence this composition?

3.3.2. Project Introduction
Hydraulic fracturing is typically performed by a service company under a contract with the oil or

gas production well operator. The service companies possess detailed information regarding the

implementation of hydraulic fracturing, from design through fracturing. In September 2010, the

EPA requested information from nine companies on the chemical composition of hydraulic
fracturing fluids used from 2005 to 2010, standard operating procedures (SOPs), impacts of
chemicals on human health and the environment, and the locations of oil and gas wells

hydraulically fractured in 2009 and 2010. The EPA is analyzing the information received from the

service companies to better understand current hydraulic fracturing operating practices and to
answer the research questions listed above.

Service Companies Selected. Nine service companies received the information request: B Services
Company, Complete Production Services, Halliburton, Key Energy Services, Patterson-UTI Energy,

RPC, Schlumberger, Superior Well Services, and Weatherford International. These companies

reflect a range of industry market share and variation in company size. The EPA estimated that BJ

Services Company, Halliburton, and Schlumberger performed approximately 95% of hydraulic
fracturing services in the United States in 2003 (US EPA, 2004b), and the three companies reported

DIM0136004
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the highest annual revenues for 2009 of the nine companies selected for the information request.26
The remaining six companies represent mid-sized and small companies performing hydraulic
fracturing services between 2005 and 2009.27 Table 19 shows the annual revenue, number of
employees, and company services reported by the companies to the US Securities and Exchange
Commission in the 2009 Form 10-K.

Table 19. Annual revenue and approximate number of employees for the nine service companies selected to receive
the EPA’s September 2010 information request. The companies reflect a range of industry market share and
company sizes. Information was obtained from Form 10-K, filed with the US Securities and Exchange Commission in

2009.

Number of

Conipany Angg;\; l(%ﬁ;:gzz)for Employees
(Approximate)

BJ Services Company* $4,122 14,400
Complete Production Services $1,056 5,200
Halliburton $14,675 51,000
Key Energy Services $1,079 8,100
Patterson-UTI Energy $782 4,200
RPC $588 2,000
Schlumberger $22,702 77,000
Superior Well Services $399 1,400
Weatherford International $8,827 52,000

* BJ Services reports on a fiscal year calendar ending on September 30.

Three of the nine service companies that reported information to the EPA were acquired by other
companies since 2010. Baker Hughes completed the purchase of B] Services Company in April 2010,
Patterson-UTI Energy purchased Key Energy Services in October 2010, and Superior Well Services
acquired Complete Production Services in February 2012.

3.3.3. Research Approach

The EPA received responses to the September 2010 information request from each of the nine
service companies. Data and information relevant to the research questions posed above were
collected and organized in Microsoft Excel spreadsheets and Microsoft Access databases. Each
company reported information in various organizational formats and using different descriptive
terms; therefore, the EPA has put all nine datasets into a consistent format for analysis and
resolving any issues associated with terminology, data gaps, or inconsistencies. This selection of
information serves as the basis for targeted queries and data summaries described below. The
queries and data summaries have been designed to answer the secondary research questions listed
in Table 18.

Much of the data and information received by the EPA was claimed to be confidential business
information (CBI) under the Toxic Substances Control Act (TSCA). Five of the nine companies,

26 Information was obtained from the 2009 Form 10-K, filed with the US Securities and Exchange Commission.

27 Annual revenue and number of employees were used as indicators of company size.
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however, also provided non-confidential information.28 Because the majority of the information has
been claimed as CBI, the analyses described below are being conducted in accordance with the
procedures outlined in the EPA’s TSCA CBI Protection Manual (US EPA, 2003b). All results are
treated as CBI until determinations are made or until masking has been done to prevent disclosure
of CBI information.

Summary of Service Company Operations. The EPA is using information provided by the companies
to write a narrative description of the range of their operations, which includes information on the
role of the service companies in each stage of the hydraulic fracturing water cycle.

Information has been compiled on the number and location of wells hydraulically fractured by the
nine service companies between September 2009 and October 2010, resulting in a map that
displays the number of wells fractured per county as reported by the companies. This information
is intended to illustrate the intensity and geographic distribution of hydraulic fracturing activities
by these companies.

Water Acquisition. The following information from the service company data on volumes, quality,
and sources of water used in hydraulic fracturing fluids is being summarized and will include:

o  Water use by shale play. The range of water volumes used based on the shale play in which
the well is located. (The companies did not provide information on geologic formations
other than shale.)

e Procedures and considerations relating to water acquisition. Summary of any SOPs, water
quality requirements, water source preferences, and decision processes described in the
submissions from the nine service companies.

Chemical Mixing. The following information collected from the service companies is being
assembled to identify the composition of different hydraulic fracturing fluid formulations and the
factors that influence formulation composition:

e Chemical name

e (Chemical formula

e Chemical Abstracts Service Registration Number (CASRN)

e Material Safety Data Sheets (MSDSs) for each fluid product

e Concentration of each chemical in each fluid product

e Manufacturer of each product and chemical

e Purpose and use of each chemical in each fluid product

28 The non-confidential information is available on the federal under docket number EPA-HQ-ORD-2010-0674 or via
http://www.regulations.gov/#!searchResults;rpp=10;po=0;s=epa-hq-ord-2010-0674.
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For the purposes of the analysis, the EPA defines a “product” as an additive composed of a single
chemical or several chemicals. A “chemical” is an individual chemical included in a product. A “fluid
formulation” is the entire suite of products and carrier fluid injected into a well during hydraulic
fracturing. The following information from the service company data on chemicals, products, and
fluid formulations is being summarized:

e Formulations, products, and product function. The formulations reported by the nine
service companies and the number and types of products used in those formulations.

e Products, chemicals in those products and concentrations, and manufacturer of each
product. The chemicals used in each product may be used in conjunction with the
formulations data (described in the previous bullet) to discern the chemicals used in each
formulation. The manufacturer of each product will also be included.

o Number of products reported for a given product function and the frequency with which a
product function is reported in the formulations data. The product function with the
greatest number of products and the product function that is most often used in
formulations.

o Number of products and chemicals for each type of formulation. The chemicals and products
for various types of formulations and a description of the average number of products and
chemicals for each formulation type, as well as the sample size for each population and
common product functions for each formulation type.

o Typical loadings for each group of products of a given product function and for each fluid
formulation type. The typical proportion of a product in a formulation. Typical loading
values (e.g., gallons per thousand gallons) indicate an amount or volume of a product
added to a volume of fracturing fluids rather than an accurate representation of the
concentration of a particular product or the chemical constituents of a product in a fluid
formulation.

Information provided by the companies relating to surface spills of hydraulic fracturing fluids and
chemicals has been compiled, resulting in a table of specific spill incidences. The table includes
information on the location, composition, volume, cause, and any reported impacts of each spill.
This information will be used in the larger analysis of surface spills reported in federal and state
databases (Section 3.2).

Well Injection. The EPA requested information regarding the hydraulic fracturing service
companies’ procedures for establishing well integrity, procedures used during well injections, and
response plans to address unexpected circumstances (e.g., unexpected pressure changes during
injection). Information provided by the companies will be used to write a narrative description of
the range of operations conducted by this sample of service companies.

Flowback and Produced Water. Although this information was not requested, the EPA received
some documents and information that referenced flowback and produced water, including policies,
practices, and procedures employed by companies to determine estimated volumes and
management options. The EPA has reviewed this information as well as information relevant to the
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frequency, severity, and causes of flowback and produced water spills and the composition of
hydraulic fracturing wastewaters. The outputs of the analysis will include the following:

e Reported spills of flowback and produced water. Information on the composition of the fluid
spilled, the volume spilled, the reported cause of the spill, and any reported impacts to
nearby water resources. This information will be integrated into the larger analysis of
surface spills reported in federal and state databases (see Section 3.2).

e Reported compositions of hydraulic fracturing wastewater. Information on the chemical and
physical properties of hydraulic fracturing wastewater, such as the identities of analytes of
interest and reported concentration ranges. To the extent possible, this information will be
organized according to geologic and geographic location as well as time after fluid
injection.

e Flowback and produced water management. Where possible, information about the role of

hydraulic fracturing service companies in handling flowback and produced water will be
described.

3.3.4. Status and Preliminary Data

Preliminary data analyses of service company operations, water acquisition, chemical mixing, and
flowback and produced water has been completed and the analysis of well injection information
has begun. The EPA has met with representatives from each of the nine hydraulic fracturing service
companies to discuss their responses to the September 2010 information request. Information
gathered during these meetings has been used to inform the data analysis and to ensure that
confidential information is protected. As of September 2012, the EPA continues to clarify the
information reported and to work with the nine hydraulic fracturing service companies to release
information originally designated as CBI without compromising trade secrets.

Service Company Operations. As a group, the nine service companies reported that they
hydraulically fractured 24,925 wells in the United States in 2009 and 2010. The companies
reported the number of wells per county, which is displayed for all companies in Figure 10.
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Figure 10. Locations of oil and gas production wells hydraulically fractured between September 2009 and October
2010. The information request to service companies (September 2010) resulted in county-scale locations for 24,925
wells. The service company wells represented in this map include only 24,879 wells because the EPA did not receive
locational information for 46 of the 24,925 reported wells. (ESRI, 2010a, b; US EPA, 2011a)

Chemical Mixing. The service companies reported a total of 114 example formulations and 1,858
unique producets, which consist of 677 unique chemicals, used by the service companies between
September 2005 and 2010.22 Table 20 shows the number of formulations, products, and chemicals
reported by each of the nine service companies; the totals for products and chemical constituents in
Table 20 reflect use by multiple companies and are therefore greater than the sum of unique
products and chemical constituents. The formulations reported to the EPA are not comprehensive,
as each service company chose them as examples of the fluids they use.

29 Products and chemical constituents noted here are unique and may have been reported multiple times by the service
companies.
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Table 20. Formulations, products, and chemicals reported as used or distributed by the nine service companies
between September 2005 and September 2010.

Conipany Formulations Products” Chemical Constituents’
BJ Services 37 401 118

Key Energy Services 16 180 119
Halliburton 15 450 304

RPC 13 182 128
Schlumberger 11 110 61
Patterson-UTI Energy 10 67 67
Weatherford International 6 214 180

Complete Production Services 3 122 92

Superior Well Services 3 312 117

* Companies reported examples of formulations, which did not contain all of the products reported to the EPA.
T Not all products have reported chemicals.

Non-confidential hydraulic fracturing chemicals reported by the companies appear in Appendix A,
along with chemicals reported from publicly available sources.

Well Injection. Seven service companies reported 231 protocols to the EPA. The protocols describe
the procedures used by the companies for many aspects of field and laboratory work, including site
and infrastructure planning, chemical mixing and design of fracturing fluid formulations, health and
safety practices, well construction, and hydraulic fracturing. The EPA is analyzing the information
to assess how hydraulic fracturing service companies use SOPs, to better understand how well
integrity is established prior to fracturing, and to evaluate procedures used during well injection.

Flowback and Produced Water. Data provided by the companies indicate that the company
conducting the fracturing is often not the same company that manages the flowback process. Five of
the companies responded that they do not provide flowback services, although one of these
companies provides analytical support to operators for the testing of flowback water for potential
reuse. Two of the nine stated that they provide flowback services independent of their hydraulic
fracturing services. For another two companies, the EPA received no information clearly describing
role regarding flowback services. Only one company provided detailed information on flowback
management.

3.3.5. Next Steps

All analyses will undergo a QA review before being compiled in a final report. The EPA will continue
to work with each of the nine companies to determine how best to summarize the results so that
CBI is protected while providing information in a transparent manner.

3.3.6. Quality Assurance Summary

The QAPP for the analysis of data received from nine service companies, “Analysis of Data Received
from Nine Hydraulic Fracturing (HF) Service Companies (Version 1),” was approved on August 1,
2012 (USEPA, 2012h). ATSA on the work was conducted by designated EPA QA Manager on
August 28, 2012, to review the methods being used and work products being developed with the
data. The work accurately reflected what is described in the QAPP, and no corrective actions were
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identified. In addition, the EPA’s contractor, Eastern Research Group, has been involved with
collecting and compiling data submitted from the nine hydraulic fracturing service companies.
Eastern Research Group’s QAPP was approved on January 19, 2011 (Eastern Research Group Inc,,
2011).

3.4. Well File Review

3.4.1. Relationship to the Study

The well file review provides an opportunity to assess well construction and hydraulic fracturing
operations, as reported by the companies that own and operate oil and gas production wells.
Results from the review will inform answers to the secondary research questions listed in Table 21.

Table 21. Secondary research questions addressed by the well file review research project.

Water Cycle Stage Applicable Research Questions

¢ How much water is used in hydraulic fracturing operations, and
what are the sources of this water?

¢ What is currently known about the frequency, severity, and
causes of spills of hydraulic fracturing fluids and additives?

¢ \What are the identities and volumes of chemicals used in

Chemical mixing hydraulic fracturing fluids, and how might this composition vary
at a given site and across the country?

o If spills occur, how might hydraulic fracturing chemical additives
contaminate drinking water resources?

o How effective are current well construction practices at

containing gases and fluids before, during, and after fracturing?
Well injection e Can subsurface migration of fluids and gases to drinking water
resources occur and what local geologic or man-made features
may allow this?

¢ What is currently known about the frequency, severity, and
causes of spills of flowback and produced water?

¢ \What is the composition of hydraulic fracturing wastewaters,
and what factors might influence this composition?

o If spills occur, how might hydraulic fracturing wastewater
contaminate drinking water resources?

¢ \What are the common treatment and disposal methods for
hydraulic fracturing wastewaters, and where are these methods
practiced?

Water acquisition

Flowback and produced water

Wastewater treatment and
waste disposal

3.4.2. Project Introduction

The process of planning, designing, permitting, drilling, completing, and operating oil and gas wells
involves many steps, all of which are ultimately controlled by the company that owns or operates
the well, referred to as the “operator.” Assisting the operator are service companies that provide
specialty services, such as seismic surveys, lease acquisition, road and pad building, well drilling,
logging, cementing, hydraulic fracturing, water and waste hauling, and disposal. Some operators
can perform some of these services on their own and some rely exclusively on service companies.

During the development and production of oil and gas wells, operators receive documentation from
service companies about site preparation and characteristics, well design and construction,
hydraulic fracturing, oil and gas production, and waste management. Operators typically maintain
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much of this information in an organized file, which cumulatively represents the history of the well.
The EPA refers to this file as a “well file.” Some of the information in a well file may be required by
law to be reported to state oil and gas agencies, and some of the information may be considered CBI
by the operator.

For this project, the EPA is scrutinizing actual well files from hydraulic fracturing operations in
different geographic areas that are operated by companies of various sizes. These wells include
vertical, horizontal, and deviated wells that produce oil, gas, or both from differing geological
environments. This review is providing information that can be used to identify practices that may
impact drinking water resources.

3.4.3. Research Approach

While a portion of the data needed for this project is reported to state oil and gas agencies, the
complete dataset is available only in the well files compiled by oil and gas operators.3? Further,
different states have different reporting requirements. As a result, the EPA selected 350 well
identifiers believed to represent oil and gas production wells hydraulically fractured by the nine
hydraulic fracturing service companies and requested the corresponding well files from operators
associated with those wells.3! This section describes the process used by the EPA to select well files
for review, the information requested, and the planned analyses.

Well File Selection. The EPA used a list of hydraulically fractured oil and gas wells provided to the
agency by the nine hydraulic fracturing service companies (referred to hereafter as the “service
company well list”) to select 350 specific well identifiers associated with nine oil and gas
operators.32 The service company well list obtained by the EPA contains 24,925 well identifiers
associated with wells that were reported to have been hydraulically fractured between September
2009 and October 2010 (Figure 10) and identifies 1,146 oil and gas operators. This compiled list
includes, for each well, a well identifier, the operator’s name, and the well’s state and county
location.

Counties containing the 24,925 well identifiers were grouped into four geographic regions
according to a May 9, 2011, map of current and prospective shale gas plays within the lower 48
states (US EIA, 2011c).33 If any portion of a county was within one of the shale gas plays defined on
the map, the entire county was assigned to that shale play and the corresponding geographic
region. The four regions—East, South, West, and Other—are shown in Figure 11 with the
corresponding number of wells in each region. Counties outside the shale gas plays were grouped

30 The EPA analyzed several state oil and gas agency websites and estimated that it would find less than 15% of the
necessary data from websites to answer the research questions.

31 Oil and gas production wells are generally assigned API numbers by state oil and gas agencies, a unique 10-digit
number. Wells may also be commonly identified by a well name that is designated by the operator. The EPA considers
both of these to be well identifiers.

32 The EPA used the service company well list because it is unaware of the existence of a single list showing all oil and gas
production wells in the United States, their operators, and whether each well has been hydraulically fractured.

33 Wells within a designated shale play on the map are not guaranteed to be producing from that shale; they could be
producing from rock formations within the same stratigraphic column.
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into the Other region, which includes areas where oil and gas is produced from a variety of rock
formations.3* This grouping process allowed the EPA to select wells that reflect the geographic
distribution of hydraulically fractured oil and gas wells.

Alist of operators and their corresponding total well count was sorted by well count from highest
to lowest. Operators with fewer than 10 well identifiers were removed, resulting in a final list of

” o

266 operators and 22,573 wells. The resulting operators were categorized as “large,” “medium,” or
“small.” Large operators were defined as those that accounted for the top 50% of the well
identifiers on the list, medium operators for the next 25% and small operators for the last 25%. As
aresult, there were 17 large operators, 86 medium operators, and 163 small operators. To ensure
that the final selected well identifiers would have geographic diversity among large operators, each
large operator was assigned to one geographic region that contained a large number of its well

identifiers.

One large operator was randomly chosen from each of the regions (i.e., one large operator from
each of the East, South, West, and Other regions), for a total of four large operators. Two medium
operators and three small operators were also chosen, with no preference for geographic region.
This resulted in the selection of nine operators: Clayton Williams Energy, ConocoPhillips, EQT
Production, Hogback Exploration, Laramie Energy, MDS Energy, Noble Energy, SandRidge Energy,
and Williams Production.

34 Forty-six well identifiers had unknown counties and have been included in the Other region for the purposes of this
analysis.
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Figure 11. Locations of oil and gas production wells hydraulically fractured from September 2009 through October
2010. The information request to service companies (September 2010) resulted in county-scale locations for 24,925
wells. The service company wells are represented above as regional well summaries and summarize only 24,879
wells because the EPA did not have locational information for 46 of the 24,925 reported wells. (ESRI, 2010a, b; US
EPA, 2011a)

The nine operators were associated with 2,455 well identifiers. The EPA initially chose 400 of those
2,455 well identifiers to request the associated well files for its analysis. The selection of 400 well
identifiers required balancing goals of maximizing the geographic diversity of wells and maximizing
the precision of any forthcoming statistical estimates. The well identifiers were chosen using an
optimization algorithm that evaluated the statistical precision given different allocations across
operating company/shale play combinations. The algorithm identified a solution given four
constraints:
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e Selectall well identifiers for the three small operators whose total number of well
identifiers was fewer than 35. For all other operators, keep the number of selected well
identifiers between 35 and 77.

e Have atleast two well identifiers (or one if there is only one) from each combination of a
large operator and geographic region.

e Keep the regional distribution of sampled well identifiers close to the regional distribution
of all 24,925 well identifiers on the initial service company well list.

e Keep the expected sampling variance due to unequal weights relatively small.

Due to resource and time constraints, the EPA subsequently decided to review 350 well files, so 50
of the 400 selected well identifiers were randomly removed. This sample size is large enough to be
considered reasonably representative of the total number of wells hydraulically fractured by the
nine service companies in the United States during the specified time period.

Data Requested. An information request letter was sent in August 2011 to the nine operators
identified above, asking for 24 distinct items organized into five topic areas: (1) geologic maps and
cross sections; (2) drilling and completion information; (3) water quality, volume, and disposition;
(4) hydraulic fracturing; and (5) environmental releases.3> Table 22 shows the potential
relationship between the five topic areas and the stages of the hydraulic fracturing water cycle.

Table 22. The potential relationship between the topic areas in the information request and the stages of the
hydraulic fracturing water cycle.

Information Request Topic Areas

Water Cycle Geologic Maps | Drilling and Water Quality, : :

Stage and %ross - Complgetion Volume, ang ;ggz:‘:; Emé';z;l‘zgta'
Sections Information . Disposition

Water acquisition v v

Chemical mixing v v v v

Well injection v v v v v

Flowback and v v

produced water
Wastewater
treatment and
waste disposal

\
\

Well File Review and Analysis. The EPA received responses to the August 2011 information request
from each of the nine operators. Data and information contained in the well files is being extracted
from individual well files and compiled in a single Microsoft Access database. All data in the
database are linked by the well’s API number; this process is described in more detail in the QAPP
for this research project (US EPA, 2012j).

35 See the text of the information request for the specific items requested under each topic area. The information request
can be found at http://www.epa.gov/hfstudy/August 2011 _request letter.pdf.
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Information in the database is being used to design queries that will inform answers to the research
questions listed in Table 21. Examples of queries being designed include:

e What sources and volumes of water are used for hydraulic fracturing fluids?

e How many well files contain reports of chemicals spilled during hydraulic fracturing, and
do the reports show whether the spills led to any impacts to drinking water resources?

e How many wells have poor cement bonds immediately above the uppermost depth being
hydraulically fractured? This may indicate that the cement sheath designed to isolate the
target zone being stimulated may fail, potentially leading to gas and fluid migration up the
wellbore.

e How many well files contain reports of flowback or produced water spilled, and do the
reports show whether the spills lead to any impacts to drinking water resources?

e Whatare the reported treatment and/or disposal methods for the wastewater generated
from hydraulic fracturing?

3.4.4. Status and Preliminary Data

Of the 350 well identifiers selected for analysis, the EPA received information on 334 wells. One of
these was never drilled, ultimately providing the EPA with well files for 333 drilled wells.3¢ Table
23 lists the number of wells for which valid data were provided by each operator and their
designated company size.

Table 23. Number of wells for which data were provided by each operator. Company size, as determined for this
analysis, is also listed. The nine operators provided data on a total of 333 oil and gas production wells.

Operator Company Size Number of Wells
Noble Energy Large 67
ConocoPhillips Large 57
Williams Production Large 50
Clayton Williams Energy Medium 36
SandRidge Energy Medium 35
EQT Production Large 29
MDS Energy Small 24
Laramie Energy Small 21
Hogback Exploration Small 14
Total 333

Figure 12 shows a map of the 333 well locations. The well locations are distributed within 13
states: Arkansas, Colorado, Kentucky, Louisiana, New Mexico, North Dakota, Oklahoma,
Pennsylvania, Texas, Utah, Virginia, West Virginia, and Wyoming.

36 Sixteen of the 350 well identification numbers were not valid for this project: 13 were duplicate entries, one was in
Canada, one was not a well, and one was not actually owned by the selected operator. In total, roughly 5% of the 350 well
identifiers chosen for review by the EPA do not correspond to oil and gas wells that have been hydraulically fractured.
This provides a rough assessment of the accuracy of the original data received from the nine hydraulic fracturing service
companies (the service company well list).
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Figure 12. Locations of 333 wells (black points) selected for the well file review. Also shown are the locations of oil
and gas production wells hydraulically fractured from September 2009 through October 2010. The information
request to service companies (September 2010) resulted in county-scale locations for 24,925 wells. The service
company wells are represented above as regional well summaries and summarize only 24,879 wells because the
EPA did not have locational information for 46 of the 24,925 reported wells. (ESRI, 2010a, b; US EPA, 2011a, d)

The EPA received approximately 9,670 electronic files in response to the August 2011 information
request. The amount of information received varied from one well file to another. Some well files
included nearly all of the information requested, while others were missing information on entire
topical areas. Some of the data received were claimed as CBI under TSCA. The EPA has contacted all
nine of the oil and gas operators to clarify its understanding of the data, where necessary, and to
discuss how to depict the well file data while still protecting confidential information. The analyses
described in the previous section are being performed according to CBI procedures (US EPA,
2003b), and the results are considered CBI until determinations are made or until data masking has
been done to prevent release of CBI information.

The EPA is extracting available data from the well files that can be used to answer research
questions related to all stages of the hydraulic fracturing water cycle. As of September 2012, the
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EPA had extracted, and continues to extract, the following available information from all of the well
files:

e Open-hole log analysis of lithology, hydrocarbon shows, and water salinity

e Chemical analyses of various water samples

e Well construction data

e Cementreports

e (Cased-hole logs, including identifying cement tops and bond quality
Other data to be extracted includes the following:

e Source of water used for hydraulic fracturing
o Well integrity pressure testing

e Fluid volumes injected during well stimulation and type and amount of additives and
proppant used

e Pressures used during hydraulic fracturing
e Fracture growth data including that predicted and that observed
e Flowback and produced water data following hydraulic fracturing including volume,

disposition, and duration

The EPA is creating queries on the extracted data that are expected to determine whether drinking
water resources were protected from hydraulic fracturing operations. The results of these queries
may indicate the frequency and variety of construction and fracturing techniques that could lead to
impacts on drinking water resources. The results may provide, but may not be limited to,
information on the following:

e Sources of water used for hydraulic fracturing

e Vertical distance between hydraulically fractured zones and the top of cement sheaths

e Quality of cementing near hydraulic fracturing zones, as determined by a cement bond
index

e Number of well casing intervals left uncemented and whether there are aquifers in those
intervals

e Distribution of depths of hydraulically fractured zones from the surface

e Frequency with which various tests are conducted, including casing shoe pressure tests
and casing pressure tests

e Types of rock formations hydraulically fractured
o Types of well completions (e.g., vertical, horizontal)
e Types and amounts of proppants and chemicals used during hydraulic fracturing

e Amounts of fracture growth
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e Distances between wells hydraulically fractured and geologic faults

e Proportions of fluid flowed back to the surface following hydraulic fracturing and the
disposition of the flowback

3.4.5. Next Steps

Additional Database Analysis. The EPA plans to conduct further reviews of the well files to extract
information relating to water acquisition for hydraulic fracturing, hydraulic fracturing fluid
injection, and wastewater management.

Statistical Analysis. Once the data analysis has been completed, where possible, extrapolation of the
results will be performed to the sampled universe of 24,925 wells, using methods consistent with
published statistical practices (Kish, 1965).

Confidential Business Information. The EPA is working with the oil and gas operators to determine
how best to summarize the results so that CBI is protected while upholding the agency’s
commitment to transparency.

3.4.6. Quality Assurance Summary

The EPA and its contractor, The Cadmus Group, Inc., are evaluating the well file contents. The QAPP
associated with this project, “National Hydraulic Fracturing Study Evaluation of Existing Production
Well File Contents (Version 1),” was approved on January 4, 2012 (US EPA, 2012j). A supplemental
QAPP developed by Cadmus was approved on March 6, 2012 (Cadmus Group Inc., 2012b). Each
team involved in the well file review underwent a separate TSA by the designated EPA QA Manager
to ensure compliance with the approved QAPP. The audits occurred between April and August of
2012. No corrective actions were identified.

Westat, under contract with the EPA, is providing statistical support for the well file analysis. A
QAPP, “Quality Assurance Project Plan v1.1 for Hydraulic Fracturing,” was developed by Westat and
approved on July 15,2011 (Westat, 2011).

3.5. FracFocus Analysis

3.5.1. Relationship to the Study

Extracting data from FracFocus allows the EPA to gather publicly available, nationwide information
on the water volumes and chemicals used in hydraulic fracturing operations, as reported by oil and
gas operating companies. Data compiled from FracFocus are being used to help inform answers to
the research questions listed in Table 24.

Table 24. Secondary research questions addressed by extracting data from FracFocus, a nationwide hydraulic
fracturing chemical registry.

Water Cycle Stage Applicable Research Questions

How much water is used in hydraulic fracturing operations, and what
are the sources of this water?

What are the identities and quantities of chemicals used in hydraulic
Chemical mixing fracturing fluids, and how might this composition vary at a given site
and across the country?

Water acquisition
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3.5.2. Project Introduction

At the time the draft study plan was written in early 2011, the Ground Water Protection Council
and the Interstate Oil and Gas Compact Commission jointly launched a new national registry for
chemicals used in hydraulic fracturing, called FracFocus (http://www.fracfocus.org; (GWPC,
2012b)). This registry, which has become widely accepted as the national hydraulic fracturing
chemical registry, is an online repository where oil and gas well operators can upload information
regarding the chemical compositions of hydraulic fracturing fluids used in specific oil and gas
production wells. It has become one of the largest sources of data and information on chemicals
used in hydraulic fracturing and may be the largest single source of publicly disclosed data for these
chemicals. The registry also contains information on well locations, well depth, and water use.
Confidential business information is not disclosed in FracFocus to protect proprietary or sensitive
information.

FracFocus began as a voluntary program on January 1, 2011. Since its introduction, the amount of
data in FracFocus has been steadily increasing. As of May 2012, the registry contained information
on nearly 19,000 wells for which hydraulic fracturing fluid disclosures were entered (GWPC,
2012b). Seven states require operators to use FracFocus to report the chemicals used in hydraulic
fracturing operations. In addition, many states are expected to pass or are working on legislation to
require reporting with FracFocus.3?

Although it represents neither a random sample nor a complete representation of the wells
fractured during this time period, the number of well disclosures in FracFocus may constitute a
large portion of the number of wells hydraulically fractured in the United States for this time
period. For comparison, nine hydraulic fracturing service companies reported that nearly 25,000
wells were fractured between September 2009 and October 2010, as described in Section 3.3.

This analysis is gathering information on water and chemical use in hydraulic fracturing operations
and attempts to answer the following questions:

e What are the patterns of water usage in hydraulic fracturing operations reported in
FracFocus?

e What are the different sources of water reported in FracFocus, and is it possible to
determine the relative proportions by volume or mass of these different sources of water?

e Whatare the identities of chemicals used in hydraulic fracturing fluids reported in
FracFocus?

e  Which chemicals are reported most often in FracFocus?

e Whatis the geographic distribution of the most frequently reported chemicals in
FracFocus?

37 The seven states requiring disclosure to FracFocus are Colorado, Louisiana, Montana, North Dakota, Oklahoma,
Pennsylvania, and Texas. As of September 2012, the EPA is aware of eight more states considering the use of FracFocus:
Alaska, California, Illinois, Kansas, Kentucky, New Mexico, Ohio, and West Virginia.
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3.5.3. FracFocus Data

All data in FracFocus are entered by oil and gas companies that have agreed to “disclose the
information in the public interest” (GWPC, 2012b). The Ground Water Protection Council, the
organization that administers the registry, makes no specific claim about data quality in FracFocus.
There is considerable variability in the posted data because they are uploaded by many different
companies, including operator and service companies. Although FracFocus uses some built-in QA
checks during the data upload process, several data quality issues are not addressed by these
protocols. As a result, the EPA conducted a QA review of the data, as described in the next section.

Data in FracFocus are presented in individual PDF formats for individual wells; an example PDF is
provided in Figure 13. Individual wells can be searched using a Google Maps application
programming interface. In addition, well disclosure records can be searched by state, county, and
operator. Results are returned by listing links to individual PDF files. Because only single well
disclosure records are downloadable, systematic analysis of larger datasets is more challenging.
Data must be extracted and transformed into more appropriate formats (e.g, a Microsoft Access
database) for this type of analysis.

Data in FracFocus can be classified into two general types: well or “header” data and chemical- or
ingredient-specific data. Header data describe information about each well, including the fracture
date, API number, operator, well location, and total fluid volume, as shown in Figure 13. Chemical-
specific data provide the trade names of ingredients, the chemicals found in these ingredients, and
the<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>